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MODEL Ill. Direct Current Portable Photo- 
electric Photometer, Battery Operated 


MODEL Il. Direct Current Photoelectric 
Photometer A.C. Operated. 


This instrument is intended to be 
used directly from any local 
power line outlet providing 60 
cycle A. C. voltage between 109 
VAC and 125 VAC. Complete in 
two units, the Optical Barrel and 
Amplifier. 


In Model Il zero-drift has been 
eliminated to such an extent that 
it does not exist within the op- 
erating limits. 


Fabricated from lightweight aluminum. 
Complete with light orifice, 1P21 photo- 
multiplier tube, cell, dry-ice chamber, 
insulation, dynode voltage divider, high 
voltage co-axial cable, and signal cable 
connector. 


Requires no external source of 
electric power for operation. All 
necessary power supplied by 
self-contained batteries. Com- 
plete in two units, the Optical 
Barrel and Amplifier. 


Particularly versatile for portable 
applications where the telescope 
may be operated away from a 
source of electric power. 


Here are two highly stable and sensitive electronic light meters reading relative stellar magnitudes. 
Both amplifiers are of the direct current type, balanced, with the voltage comparator characterized 
by simplicity. Both units exhibit high linearity on all ranges and insensitivity to stellar scintillation. 
The Model Il is noted for low power requirements. The Model Ill has no external power requirements. 


The sensitivity of both photometers is adequate for use on an instrument as small as a six inch 
reflector. The two co-axial cables leading to the Optical Barrel are extremely light in weight, min- 
imizing the necessity for counterweighting and making it possible to use the instruments even on 


very lightweight telescopes. 


Both the Model Il and Model Ill are designed to be used on all types of telescopes, either perma- 


nently mounted or portable. 


For complete information write for Bulletin No. 155. 
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A Trip to Mt. Hamilton 


I ICK OBSERVATORY is reached by 

4 an air traveler by bus from San 
Francisco airport to San Jose. Then, un 
less he is met by someone from the ob 
servatory who has driven down 19 miles 
of the windingest road in the West, he 
takes the daily mail stage to Mt. Hamil 
ton. On a day shortly before Christmas, 
1954, this editor arrived in San Jose at a 
very early hour, but missed the stage be 
cause of a change in schedule for the 
heavy Christmas mail. 

Dr. C. D. Shane is director at Lick, and 
Mrs. Shane happened to be in town on 
a shopping trip that day. She fortunately 
decided to investigate a rumor that had 
drifted up the mountain—“‘a bald-headed 
foreigner with two suitcases” was waiting 
at the post office. Thanks to Mrs. Shane, 
I reached the mountaintop in time to 
see the sun’s last rays bathe the massive 
silvery dome of the 120-inch, with the 
upper part of the telescope tube show 
ing bright yellow through the partly 
opened slit. The fork of the mounting is 
painted an olive brown, and the decli 
nation disks are a terra-cotta red. 

December weather at Lick is not sup 
posed to be good, but skies were cleat 
during practically all of my four-day stay. 
I was given ample opportunity to ex 
plore the instruments and buildings 
There is great activity on the mountain, 
new residences and a library have been 
built, and there is much planning for 
observations with the big reflector now 
nearing completion. 

The painting of the mounting and 
tube in December marked the practical 
completion of the construction of those 
parts contracted for by Judson Pacific 
Murphy Corporation. Although the op 
tics for the auxiliary equipment are well 
under way, the primary mirror is still a 
major project that may require a year 
to complete. 

Through the courtesy of Dr. Shane, 
we present in this issue of Sky and Tele 
scope a 120-inch 
project, and the first part of an album 
telling the story from the time of ground 
breaking in January, 1950, to the pres 
ent. 

The album will appear in several parts 
from the extensive set 


brief account of the 


It is a selection 
of pictures taken by the Lick photog 
F. Chappell, with supplemen- 
Baustian, 


rapher, J. 
tary photographs by W. W. 
engineer in charge of the 120-inch proj 
ect. Mr. Chappell prepared the prints 
from which the engravings were made, 
and Mr. Baustian supplied detailed in 


formation for the picture captions. 
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The Lick 120-inch Reflector 


AMOUS among the telescopes of the 

world are the two 36-inch instruments 
of Lick Observatory of the University of 
California. One of these is a_ refractor, 
built by Warner and Swasey in 1888, 
with optics by Alvan Clark. For a decade 
it was the largest refracting telescope in 
the world, and is still exceeded only by 
the Yerkes 40-inch refractor. It is in regu- 
lar use on a variety of programs that may 
be effectively carried out in a restricted 
color range, with long focal length and 
excellent observing conditions. 

The Crossley 
the mirror of which was made in Lon- 
don in 1879 by Dr. A. A. Common, and 
presented to Lick Observatory in 1895. 


other is the reflector, 


This versatile instrument operates regu- 
larly for direct photography, spectroscopy, 
and photoelectric photometry of the 
fainter stars and brighter nebulae. 

At Lick, where the emphasis is on ob- 
astronomy, these instruments 
are in use. But the 
long been felt for a larger telescope that 
can gather many times more light than 


a 36-inch aperture. Both W. W. Camp 


servational 


constant need _ has 
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bell, director from 1901 to 1930, and R. 
G. Aitken, his successor from 1930 to 
1935, were anxious to obtain funds for 
a large reflector. In the later 1930's, Di- 
rector W. H. Wright and his staff pro- 
posed a large instrument as part of an 
extensive building program envisaged by 
President R. G. Sproul, of the University 
of California. Dr. J. H. Moore, director 
from 1942 to 1945, was a strong backer 
of the project, but little progress was 
possible during World War II. 

Near the close of the war, Dr. Moore 
retired and C. D. Shane, professor of 
astrophysics in the Berkeley department 
of astronomy, left his wartime position 
as director of personnel at Los Alamos 
Scientific Laboratory to assume the lead- 
ership at Mt. Hamilton. For the new 
telescope project, an advisory committee 
was set up, consisting of three astrono- 
mers from Mount Wilson and Palomar 
Observatories, including Director W. S. 
Adams, and three Lick astronomers. 

Plans were drawn for an instrument 
somewhere in size between the 100-inch 
and the 200-inch, its cost not to exceed a 
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The 120-inch reflector design provides for four focal points, as this sketch of 
its optical arrangements shows. 
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million dollars. In this size range, it was 
felt that much costly experimental en 
gineering could be avoided, and standard 
practice and components utilized. Ex 
perienced Mount Wilson _ observers 
greatly influenced the committee’s recom 
mendation that a 120-inch f/5 reflector 
would be the most effective instrument 
for Lick Observatory. 

The telescope was included in the 
University of California budget submitted 
to the state legislature late in 1945, and 
early the next year Drs. Shane and N. U 
Mayall went to Sacramento to give de 
tails concerning the project to a legisla 
tive committee reviewing the budget. 

For a time the future of the telescope 
looked rather uncertain. Finally, on 
March 13, 1946, Governor Earl Warren 
signed an appropriation bill that in 
cluded $900,000 for Lick’s instru 
ment. This was afterwards increased se\ 
eral times, to $1,800,000. Additional ap 
propriations by the regents of the univer 
sity and the state of California bring the 
total budget for the telescope and in 
strumentation to approximately 2} mil 
lion dollars. 

W. W. Baustian, an engineer from 
California Institute of Technology, was 
engaged as engineer in charge of design 
and construction of the building and 
instrument. The optical work was placed 
in the hands of D. O. Hendrix, of the 
Mount Wilson optical shop, well known 
for his work on the 48-inch Palomar 
Schmidt telescope. All optical processing 
of the 120-inch disk and secondary mir- 
rors is being carried on at Lick Observa 
tory, in an optical shop located in the 
basement of the building for the large 
reflector. 

Procuring a solid pyrex disk 120 inches 
in diameter was the next major problem. 
Up to 1948, it was still not known just 
how well the ribbed 200-inch mirror 
would actually perform; therefore, a 120- 
inch ribbed disk previously cast to test 
the 200-inch mirror was not considered 
at first. In England, the firm of Pilking- 
ton Brothers was interested in providing 
a 100-inch disk for the Isaac Newton 
telescope at the Royal Greenwich Ob- 
servatory, and from this experience they 
hoped to be able to make a 120-inch 
blank. In addition, a tentative quotation 
was received from Corning Glass Works. 

About 1949 the 200-inch came into op- 
eration, and showed that problems of 
the ribbed mirror had been overcome by 
a suitable supporting system. Therefore, 
the Lick astronomers decided to pur- 
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chase the 120-inch ribbed blank from 
Caltech, for the modest sum of $50,000. 
Four secondary disks, two of them 50 
inches in diameter, were bought from 
Pilkington Brothers, and later four disks 
were procured from Corning. 

Chiefly because of the weight of the 
contemplated solid primary mirror, the 
mounting point of the declination axis 
was set one quarter of the way up the 
skeleton tube. In the large fork mounting, 
this gives ample clearance for any kind 
of Cassegrainian spectrograph or other 
device. The Cassegrainian hole in the 
mirror is eight inches in diameter. When 
the telescope first comes into operation, 
however, the Cassegrainian focus will not 
be used; all observations will be made at 
the prime focus or in the coude room at 
the south end of the polar axis. 

Che 120-inch mirror is a conventional 
paraboloidal reflector, with a focal length 
of 50 feet. The plate scale at the prime 
focus will be 13.5 seconds of arc per milli- 
meter, nearly three times the scale of the 
Crossley reflector. 


It is this large plate scale, together 
with a light-gathering power 1} times that 
of the 100-inch telescope, that has the 
Lick astronomers anxiously awaiting the 
day when they can observe the fainter 
stars, galactic nebulae, and galaxies with 
the 120-inch. Dr. Mayall will work on the 
brighter resolved parts of the nearer 
galaxies, observing their globular clus- 
ters, emission patches, brighter stars, and 
variable stars, with a prime-focus spectro- 
graph. He will study the rotations of 
elliptical galaxies and early-type spirals, 
by measuring the inclinations of their 
spectral lines when the slit is placed 
lengthwise on such an object. Hitherto, 
the scale of the Crossley has been rather 
small for such observations, and the £/19 
refractor too slow. 

Dr. Shane has for many years been 
engaged in counts of galaxies with the 
20-inch astrographic telescope (see Sky 
and Telescope, August, 1954). With the 
new reflector he hopes by direct photog- 








This is the 120-inch dome as it appeared on a December morning in 1954. 


raphy to get sample counts of faint 
galaxies, probably to the 22nd magnitude. 

Photoelectric astronomers G. E. Kron 
and O. J. Eggen expect to use highly sen- 
sitive cells at the prime focus, where the 
maximum amount of light will be in- 
sured by only one reflection—-that of the 
primary mirror. In the southeast part of 
the observatory building there is a room 
in which the photoelectric recording ap- 
paratus will be permanently installed. 
The observer in the prime-focus cage 
will always have an assistant in that 
room, with telephonic communication. 

In the photoelectric work there will 
probably be heavy emphasis on the in- 
frared, and six-color studies will be car- 
ried out on galactic clusters. Photoelectric 


the 10-foot mirror was 

resting on the grinding 

machine, covered with 

plywood boards for 

protection. It had been 

fine ground nearly to 
its edge. 


observations will be made of individual 
stars and star clusters in the nearer gal 
axies, M3l and M33. The great light- 
gathering power may permit photoelectric 
work on bright individual objects out as 
far as the Virgo cluster. The magnitude 
limit for a 1P21 photocell on the 120 
inch will be of the order of 214. 

For the coude focus, a versatile spec 
trograph for high and medium dispersion 
will be constructed according to optical 
designs by Dr. George Herbig. He and 
Dr. W. P. Bidelman will use this instru 
ment principally in extensive detailed 
studies of stellar spectra of all types. It 
is anticipated that the spectrographic 
material speedily accumulated by this 
instrument will be of value to other as 
tronomers as well. At the prime focus, 
a spectrograph of moderate dispersion 
(100 angstroms per millimeter) will en 
able Dr. Bidelman to measure radial 
velocities of faint variable stars in the 
Milky Way galaxy and to classify the 
spectra of faint stars. These studies will 
aid general research on galactic structure. 

Throughout the whole 120-inch project 
there has been close co-operation with 
Mount Wilson and Palomar astronomers. 
Their experience was invaluable in de 
sign and construction problems. This co 
operation will also extend to observing 
programs, which will be closely co-ordi- 
nated to avoid duplication and to ensure 
that the different instruments in Cali 
fornia will be used to best advantage in 
the solution of astronomical problems. 
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This is the site of the new telescope, as it appeared in the fall of 1949. The house was moved about 300 feet, and the 
tennis court was demolished. Beyond the house may be seen Copernicus Peak with its forest service lookout tower. Far- 
ther right, topped by a water tank, is Kepler Peak. 
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Above: February 6, 1950. The site has ee ab ak 
been cleared and bulldozed, and ex- 
cavation for the testing tunnel has be- 
gun. The drill rig is starting to sink 
the holes for the concrete pilings un- 
der the telescope foundations (for 
which the forms are shown in one 
photograph of July 27, 1950). 


Right: April 4, 1950. The excavation 
for the testing tunnel can be seen on 
the right, and for the coude room at 
the far left. Visible in the left fore- 
ground is part of the circular tren¢ h 
for the foundation of the main walls 
of the building. The house at the 
right is the one that was moved from 
the site. In this view toward the south 
west, the dome of the 20-inch astro- 
graphic telescope is prominent. 
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Above: May 23, 1950. The concrete 
forms for the walls of the building 
now begin to take shape. The break 
in the foreground is for the entrance 
way; that in the far (eastern) side is 
for the huge utility entrance, through 
which all parts of the telescope will 
later pass. Note in the lower left the 
forms for the testing tunnel, which 
will be completely underground. 


Below: July 27, 1950. Along its length 

the testing tunnel tapers from 12 feet 

wide at the building wall (toward 

which we are looking) to 10 feet wide 

at the outer end. Its height is 11} feet. 

The tunnel extends 74 feet outside 
the building. 


July 27, 1950. In this picture we are looking down on the interior dome area, 
seeing the formwork for the foundations that will bear the weight of the mas- 
sive instrument. The octagonal south pier support is at the top, right of cen- 
ter; the north piers are at the right and left foreground. All three are connected 
by reinforced beams, forming a triangular structure below the level of the 
ground floor. At the bottom, right of center, the raised portion of the beam 
connecting the two north piers is the shear column providing for east-west 
positioning of the mounting. Two thirds of the east-west horizontal seismic 
shear will be taken by this column, the remainder borne by the ball-and-socket 
support at the south pier. The south pier will take all north-south seismic shear. 
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Left: October 4, 1950. As the walls of 
the building rise higher, its great size 
becomes more apparent. The final 
building and dome dimensions will be 
96 feet in diameter and 94 feet high. 
The building contractor is Carrico 
and Gautier, of San Francisco. In this 
picture, the front entrance steps have 
been completed, as well as the walls 
and part of the ceiling of the coude 
spectrograph room, the interior of 
which is shown in one of the photo- 
graphs of April 3, 1952. 
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Below left: December 15, 1950. The 

concrete wall that will support the re- 

volving dome is complete, and the 

track for the dome is laid. The shelf 

projecting from the inside of the wall 

will support one of the three dome 
drive units. 


Below right: April 10, 1951. The low- 
est section of the dome is a very heavy 
ring girder. It is supported by the 
trucks on the track. Behind the der- 
rick is the section at the base of the 
slit opening. Because the main arch 
girders run alongside the slit, the 
weight to be supported here is great- 
est, requiring close spacing of the 
trucks alongside of and under the slit 


opening. 
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Above: April 27, 1951. A crucial operation in the erection 
of the dome was the assembly of the first main arch girder. 
There will be two of these, one on each side of the slit 
opening. The skeleton towers supported the end sections 
of the arch until its center portion was installed. Now a 
rib of the dome is being hoisted into place. The arch gird- 
ers are each five feet deep, of 4-inch steel, with 18-inch- 
wide flanges at top and bottom. 


Right: April 20, 1951. Sections of the arch girders are 

being trucked up the winding Mt. Hamilton road. Difficult 

turns often had to be negotiated by backing. One truck 

stalled for several hours, blocking completely all traffic up 
the mountain. 
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May 24, 1951. In this view toward the zenith of the dome, 

the slit opening extends to the left, with the 15-ton crane 

in the lower center. Above the arch girder is the first 
horizontal course of braces for the rib girders. 


Left: June 8, 1951. 
W. W._ Baustian 
holds two of the 
panels that line the 
dome interior. 
About three inches 
thick, each tray con- 
tains seven layers of 
aluminum foil, and 
the side that will be 
exposed inside the 
dome has an inch- 
square waffle pat- 
tern (as at Mr. Baus- 
tian’s right). This 
surface gives a uni- 
form appearance to 
the interior of the 
dome,and good 
acoustical properties. 





Pr 
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June 8, 1951. The plates that are being used to cover the 

skeleton of the dome are of 4-inch steel preformed to the 

proper curvature. Each plate overlaps the other slightly, 
and they are welded together at the seams. 





Above: June 12, 1951. The weight of 
the 260-ton dome is carried upon 30 
trucks. Those shown here are under 
the slit section (as in the picture of 
April 10, 1951), to which the arch 
girders transmit the load of the crane 
—up to 30 tons maximum. Therefore 
these trucks, 12 in all, are heavier and 
closer together than the 18 rib trucks 
spaced around the remainder of the 
dome. This picture shows the lower 
side of the ring girder before the elec- 
trical trolley system was installed. 


Left: June 27, 1951. This system of 27 
trolleys and their conductor _ bars 
transmits power and _ miscellaneous 
control circuits between the moving 
dome and the stationary part of the 
building. The bars, averaging 300 feet 
in length, are attached to the under 
side of the ring girder, which is eight 
feet wide. The open space around the 
dome, that shows below the outside 
(right) edge of the ring girder, will 
be closed later. 














June 29, 1951. A section of the main 

shutter is being hoisted into place. Six 

such parts, totaling five tons, make up 
the 72-foot upper shutter. 


Above: October 18, 1951. The dome gets the first of its two coats of aluminum 

paint, over a red lead primer coat. The louvers that ventilate the dome can be 

seen, just above a rail from which hang the bosun’s chairs for the painters. 

The space above the ring of louvers is vented by eight mushroom ventilators, 
four of which are visible here. 


Below: January 28, 1952. The completed dome dominates the scene as photo- 

graphed from the water tank on Kepler Peak. The overhead and_ bi-parting 

shutters are well shown. To the left is the housing of the 20-inch astrographic 

refractor, and on the summit beyond is the main observatory building, with 
domes for the 36-inch and 12-inch refractors. 
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Above: April 3, 1952. Looking upward 
to the top of the dome interior, we 
see the upper shutter, which has been 
opened until only the zenith is cov- 
ered. Below this is the 15-ton crane, 
which may be rerigged to lift 30 tons. 
It has a travel from the center 16 feet 
toward the back of the dome. 


Left: April 3, 1952. This is the dome 
interior, looking southwest. The 
mounting base will fit into the cutout 
in the second floor at the lower left; 
within this, the dark opening in the 
wall leads to the coude room. Lying 
on the second floor is the 120-inch 
cast-iron mirror cell purchased from 
Caltech, and on top of this is a 100- 
inch tool. This cell was used to sup- 
port the mirror during the rough- 
grinding operation before the tele- 
scope mirror cell was completed. The 
elevator at the right starts at the 
ground floor. The stairs in right cen- 
ter lead up to the ring girder, which 
also serves as the interior walkway 
around the dome. 














These pictures were all taken on April 3, 1952, before installation of the instrument. Above, the view is northwesterly 
toward the glassed-in visitors’ gallery on the second floor. The three covers of the hatch over the mirror-grinding pit may 
be seen in front of the gallery. One of the dome drive units is visible on the small shelf under the dome walk. 


Lower left: Looking down into the coude room, which is located outside the main building at the south end of the 

telescope. The room is 24 feet wide and 25 feet long horizontally. Its floor at the south end is 13 feet below the level of 

the observatory ground floor. The girders are not part of the final equipment; they are being stored here. The steps will 
also serve as future footings for spectrographic apparatus. 


Lower right: The combined library and lounge has a kitchen adjoining, glimpsed through the open door. 
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SOME PHOTOELECTRIC PROBLEMS 


Orto Struve, Leuschner Observatory, University of California 


BSERVATIONS of the magnitudes 
and colors of the faintest stars and 
galaxies detectable with giant tele- 
the solution of 

most far-reaching 


scopes are needed for 


some of astronomy’s 
problems. Among these are the structure 
and mechanics of the universe, the ages 
and evolutionary histories of the stars. 

Therefore, there is practical importance 
in some recent studies of the limiting 
magnitudes now attainable with the 200- 
inch telescope, and of the possibilities of 
reaching even fainter stars and galaxies, 
electronic 


by both and 


photographic 
techniques. ‘To understand this photo- 
work, we must first consider what 
is meant by the term, “a 
Poissen distribution.” 

Many years ago a famous British stat- 


metric 
statistician’s 


istician, who used the pseudonym “‘Stu- 
dent” in his writing, counted yeast cells 
under a microscope, to find how the 
were distributed over 400 squares, each 
0.05 by 0.05 millimeter, ruled on a glass 
plate. All 400 squares fitted into an area 
of one square millimeter. The counts are 
plotted here: 20 squares contained one 
cell each, 43 
and so on. No squares contained more 
than 12 cells. The total number of cells 
counted was 1,872. 

This curve of the frequency distribu 


contained two cells each, 


tion of the yeast cells is typical of a 
Poisson distribution, of which there are 
many other examples in biology, as well 
The not 
symmetrical about the maximum. 


Poisson frequencies are unlike those of 


numbers are 
These 


as in astronomy. 


a Gaussian or “normal probability” dis 


is the arithmetic average of the counted 
cells per square. 
arise 


like 


numbers are discon 


Poisson distributions this 
the 


(the number of yeast cells can- 


when recorded 
tinuous 
not be a fraction), and when the prob- 
ability of a particular cell falling in a 
particular square is independent of how 
many cells happen to be in any other 
square. If the number of yeast cells per 
indefinitely, 


should be increased 


square 
however, the Poisson distribution would 
resemble a Gaussian distribution more 
and more. 

(1) (2) (3) (4) (5) 
Num- Fre Ire Differ (4)? 
ber of quency quency” ence < (2) 

cells observed expected 

0 0 3.71 — 468 0 

l 20 17.37 —3.68 270.80 
2 43 40.65 —2.68 308.74 
3 53 63.41 — 1.68 149.46 
4 86 74.19 —(),68 39.56 
5 70 69.44 0.32 7.00 
o 54 54.16 1.32 93.96 
7 37 36.21 2.32 199.06 
8 18 21.18 3:32 198.36 
9 10 11.02 4.32 186.60 

10 5 5.16 S.de 141.50 

11 2 2.19 6.32 79.88 

12 ys 0.86 Y 4 107.16 

13 0 0.31 8.32 0 

14 0 0.10 9.32 0 

15 0 0.03 10,32 0 

16 0 0.01 11.32 0 
Total 400 400.00 1782.08 
Mean 4.08 4.46 


The table gives the actual observed 
number of yeast cells in Student's experi 
ment. The average number of cells per 














tribution, with which the reader may be square is 4.68, and the formula for Pois 
more familiar. Were the yeast counts — son’s distribution curve involves the fac 
represented. by a normal probability tor e-4.68 0.00928 (where e is 2.718+., 
curve, it would be symmetrical on both the base of natural logarithms). The 
sides of a maximum at 4.68 cells, which formula then tells us that the expected 

2 

a 

e 
v Counts of randomly 
oo distributed objects, like 
* . grains in a photograph- 

ic emulsion, usually fol- 

a low Poisson’s law. Here 
a a Poisson curve has 
@ ~ 
$ been fitted to the dots 

. © ° > 
asad © representing Student’s 

q counts of yeast cells. 
oF = 
2 a 6 8 io 2 a 6 
EAST E S PER SQUARE 
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numbers of squares containing, respec- 
tively, 0, 1, 2, 3, cells, and so on, are: 


0 100 « 0.00928 = 3.71 
l 1.68 x 400 «x 0.00928 = 17.37 
2 x 4.68? x 400 x 0.00928 = 40.65 
3 4x4 x 4.683 x 400 x 0.00928 — 63.41 


Che next additional factor will be }, and 


the power of 4.68 will be 4, and so forth. 
The expected numbers are shown in 
column 3 of the table; they agree reason- 
ably well with the observed frequencies. 
They are plotted as a curve in the dia- 
gram. 

Columns 4 and 5 of the table allow 
us to find an important property of the 
This is mathe- 
mean 


distribution, its spread. 
matically expressed by its root 
square deviation, or mean error as the 
astronomers call it. In the fourth column 
is the difference: number of cells counted 
minus the average number per square 
(4.68). In the fifth column, this differ- 
ence is squared and multiplied by the 
corresponding observed frequency  (col- 
umn 2). Summing the entries in the last 
column gives 1,782.08, and dividing this 
by 400 gives the mean square error as 
1.46. We notice that this is almost equal 
to 4.68, the average number of yeast cells 
per The small disagreement 
means that the observed distribution is 
not exactly in accordance with Poisson’s 
law. More precisely, we should compare 


square. 


the square roots of these numbers, the 
root. mean error, 2.11, and the 
square root of the arithmetic mean, 2.16. 

Certain properties of frequency distri- 
butions of this type are important in as- 
tronomical applications. The total num 
ber of cells counted in Student’s experi 
ment was 1,872; but if he had made a 
new count, under exactly the same con- 
ditions, he would not have obtained 
1,872, but some other number. Additional 
counts would give still other numbers, 
each comprising a distribution according 
to Poisson’s law. These numbers would 
themselves then form a Poisson distribu- 
tion, but because of the large number 
of cells in each total count the new dis 
tribution would rather closely resemble 
the symmetrical distribution of a Gauss 


square 


ian curve. 

Let us assume that the average ol 
such total counts would be about 1,872. 
the square root of which is 43.3, the root 
mean square error of this distribution. 
Since this is 2.3 per cent of 1,872, we 
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could conclude that the density of cells 
in the large area of one millimeter is 
estimated with this measure of precision. 
Note that this conclusion is reached with- 
out actually making the several inde- 
pendent counts mentioned above, but 
it requires that the number of items 
counted be large. 

Let us apply these ideas to the problem 
of photoelectric photometry. Essentially, 
determining the brightness of a star 
photoelectrically amounts to counting the 
electrons liberated as light quanta hit the 
sensitive surface of the cathode. The light 
quanta from a star come at irregular 
intervals; they are distributed in a ran- 
dom manner with respect to time. Fur- 
thermore, not every quantum produces 
an electron when it strikes the cathode- 
this is again a random process. There- 
fore, the number of electrons ejected in 
successive one-second intervals will fluc- 
tuate, and individual counts made in 
different one-second intervals will be dis- 
tributed according to Poisson’s law. 

We need not actually count numerous 
small intervals separately, but may find 
their average by determining, for ex- 
ample, how many electrons are liberated 
in one minute, and dividing this total by 
60. This average number of electrons 
emitted in one second will have an un- 
certainty proportional to its square root. 

This is why photoelectric photometry 
of the faintest stars becomes uncertain 
and difficult, for the thinness of the rain 
of photons from the star means few elec 
trons to count. Suppose the statistical un- 
certainty in electron count amounted to 
15 per cent, for a very faint star. ‘This 
would produce an uncertainty in meas 
ured light intensity of 15 per cent, or 
+0.152 magnitude, and in practice we 
should allow for an uncertainty even 
greater than this. 

To reduce this large uncertainty, we 
would have to lengthen the time during 
which we collect electrons, hence increas- 
ing their number and reducing the per- 
centage uncertainty. The importance of 
this consideration may be seen from W. 
A. Baum’s recent estimate that in order 
to attain for a 23rd-magnitude star an 
accuracy of 0.05 magnitude (in only one 
color), one full night of good seeing with 
the 200-inch Hale telescope would be re- 
quired! 

In stellar or nebular photometry we 
have two fundamental problems: 

1. To reduce the time required to 
make a measurement. In photographic 
work this can be done with telescopes of 
larger aperture or with faster emulsions. 
With photoelectric devices, we would like 
to obtain a reliable value of the electron 
count in as short an interval as possible. 


2. To enhance the contrast between 


the diffuse background luminosity of the 
night sky and the light of faint stars and 
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An enlargement of one square centimeter of a photograph taken with the 200 
inch telescope, furnished by Dr. W. A. Baum to show that the images are fuzzy 
blobs rather than sharp points even in good seeing. The magnitudes in this pic- 
ture range from about 12th to 23rd; among the faintest objects galaxies out- 
number stars. Mount Wilson and Palomar Observatories photograph. 


nebulae. This requirement is especially 
important in reaching the faintest ob 
jects. The light of the night sky is always 
present, and it sets a limit to the faintness 
of a star observable either photographi- 
cally or photoelectrically that cannot be 
overcome by building larger telescopes or 
by inventing more sensitive emulsions or 
photoelectric receivers. 

There have been marked advances du 
ing the past few years in the solution of 
both of these problems. In photoelectric 
technique the most spectacular progress 
has been made by A. Lallemand, of the 
Paris Observatory, especially in regard to 
the first problem. The second, in some 
respects the more fundamental of the 
two, was discussed by Dr. Baum at the 
meeting of the American Astronomical 
Society in June, 1954. 

Dr. Baum starts by considering photo 
graphic methods. He has made a_ 12- 
times enlargement of a relatively short 
exposure of a field of stars and galaxies 
made on a night of good seeing with the 
200-inch telescope. The accompanying 
reproduction shows the background sky 
as a light gray surface upon which the 


Star images are superposed. Doubling the 
exposure brings out more stars, but it 
also increases the photographic density of 
the background sky. Experience with the 
Hale telescope has shown that after 
about 30 minutes on a fast, blue-sensitive 
emulsion (Eastman 103a-O) this back 
ground becomes so dark on the negative 
that no additional faint star images are 
brought out even if we increase the ex 
posure time to one hour. 

The star images are not geometrical 
points, but are enlarged by the spreading 
of light in the photographic emulsion. 
Turbulence of our atmosphere also pro 
duces some spreading, so that even on 
very quiet nights the smallest star images 
are about 0.1 millimeter in diameter. 
With the focal length of 666 inches at the 
prime focus of the 200-inch, this corre- 
sponds to about one second of are. 

It is true that the theoretical visual 
resolving power of the 200-inch telescope 
is given by the familiar Dawes formula 
as 4.56/200 second. Hence, visual observ- 
ers could, during brief moments of ex- 
cellent seeing, resolve double stars with 
separations of the order of 0.02 second, 
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but during a long exposure this resolving 
power is never achieved. Instead, as we 
have seen, the photographic resolution 
corresponds more nearly to one second, 
and even this is rare at Palomar, being 
recorded perhaps only 1/10 of the time 
the sky is clear. 

The background illumination of the 
sky is not due to artificial lights. (The 
latter are serious at Mount Wilson, but 
they do not interfere with the work at 
Palomar.) The upper atmosphere of the 
earth might be called a faintly luminous 
gaseous nebula. The molecules and atoms 
are excited during the day by sunlight; 
their energy transformations during the 
night cause the emission of numerous 
monochromatic radiations, such as those 
of neutral oxygen (the green line of the 
aurora and the air glow), sodium, nitro- 
gen molecules, and so forth. In addition, 
there is a feeble glow from all the faint 
stars and galaxies. 

The resulting spectrum of the night 
sky is a combination of a continuum and 
a large number of emission lines. In 
principle, we should be able to filter out 
the emission lines, but in practice they 
are spaced so closely together that light 
filters can only get rid of a few of the 


‘ 
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This is an enlargement (about 122 times) of the image of a 20.5-magnitude star 

centered on one square millimeter of an Eastman 103a-O plate, exposed five 

minutes with the 200-inch Hale reflector. Mount Wilson and Palomar Observa- 
tories photograph. 


most intense ones, such as the neutral 
oxygen radiation. 

The air-glow emission lines are variable 
in intensity from season to season, and 
even in the course of a single night. 
They also differ with the latitude of the 
observatory. But these changes are rela- 
tively small, and even though we could 
gain a little by concentrating our work 
during the hours of minimum air-glow 
intensity, we cannot effectively get rid of 
it. 

On an average moonless night, the air 
glow sheds about twice as much light 
upon the earth’s surface as all the stars 
combined. This corresponds to spreading 
the light of a 4th-magnitude star uni- 
formly over each square degree of the 
photographic plate. 

As we have seen, for the 200-inch tele- 
scope each star image in good seeing 
covers an area of one square second of 
arc—about 1/100 of a square millimeter— 
which Baum calls a_ picture element. 
There are nearly 13 million such ele- 
ments within a square degree, and the 
stellar magnitude of the air glow per 
picture element is thus 22. 

Suppose now that we photograph a 
star whose magnitude is also 22. The pic- 
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ture element containing the star image 
receives twice as much light as from the 
night sky alone, and the negative reveals 
the star “as a tiny gray disk superposed 
on a light gray background.” Such an 
image is easily detected on the negative. 

But suppose that the star is of mag 
nitude 23, only 2/5 as bright as a 22nd- 
magnitude star. It will add only 40 per 
cent to the background fog. A star of 
magnitude 24 would, similarly, add only 
16 per cent. 

How sure are we that we can see the 
slight darkening of a 24th-magnitude star 
on the negative? First we must ask what 
it is that we actually measure. The photo- 
graphic emulsion is a thin, yellowish, 
translucent layer of silver halide grains 
suspended in gelatin. In a fast, blue- 
sensitive emulsion the individual grains, 
or clusters of grains, are each about five 
microns in diameter. (A micron is 1/1,000 
millimeter.) These grains can be directly 
counted in each square (0.1 by 0.1 milli- 
meter) picture area. 

In a 30-minute exposure with the 200- 
inch telescope, each picture element of 
the night sky contains about 1,000 devel- 
oped grains. The number of photons 
that strike the emulsion in this time is 
vastly greater, about 1,000,000. We infer 
that the “quantum efficiency” of the 
emulsion is only 0.1 per cent. This is due 
to three causes: first, only about 10 per 
cent of the incident photons are absorbed 
by the emulsion, the rest being diffusely 
scattered and reflected; second, it takes 
about 10 photons to make one developed 
grain; third, many photons are wasted 
because they do not combine in proper 
bunches of at least 10 to produce one 
grain. 

Baum’s enlargement of one square 
millimeter of a plate exposed only five 
minutes has a star of magnitude 20.5 near 
the center. If the exposure time had been 
30 minutes, there would be more devel- 
oped grains in the sky background— 
about 1,000 per picture element as men- 
tioned above. We could actually count 
these grains in each of the 100 picture 
elements and compute the root mean 
square as was done for the yeast cells. 
But we could also infer directly that the 
root mean square of the individual counts 
per picture element must be very nearly 
the square root of 1,000, or 33. The un- 
certainty then becomes 33/1,000, or about 
three per cent. 

We cannot expect, however, to distin- 
guish a star with certainty from statistical 
irregularities of the background unless its 
contribution is several times larger than 
three per cent. Baum arbitrarily sets the 
limit of detectability at about 15 per 
cent, which requires 1,150 grains per pic- 
ture element in the star image. As we 
have seen, a 24th-magnitude star adds 16 
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Amateur Astronomers 


WELL-KNOWN 


SETTIN’ ELMER’S GLASS 


IK ASTERN AMATEUR ASTRONOMER DIES 


(The Ridicule Method) 


Listen, all ye telescopers, all ye sweepers and sky gropers, 


To the tale I have to tell: 


’Twas down on old Long Island, at Elmer’s on Bay View, 

That we started in to set his glass, we were an able crew: 
There was Campbell with his ridicule fresh from the H.C.O., 
And Baron Yalden with his beard, the one he needs to mow; 
The Secretary joined the gang to keep the parties happy, 
For when the experts set a glass they are a wee bit scrappy. 


WILLIAM TyLer OLCcort! 


AAVSO Variable Comments, Vol. 1, No. 1, 1924 


ECEMBER 7, 1954, marked the pass- 

ing of the last of the famous group 
mentioned in the above stanza. Charles 
W. Elmer was one of the men most 
closely connected with the development 
of a place in American astronomy for the 
amateur astronomer. He was very active 
in the early years of the American Asso- 
ciation of Variable Star Observers, and 
with his wonderful sense of humor con 
tributed a great deal to the good fellow 
ship of the association. 

Mr. Elmer was a partner in a well- 
known firm of court reporters in New 
York City, but his greatest interest lay in 
astronomy and particularly in telescopic 
equipment. His home in Southold, Long 
Island, was literally surrounded by tele 
scopes of all kinds and sizes, with concrete 
piers for portables and revolving domes 
for larger refractors and reflectors scat 
tered through his flower beds. A 5-inch 
polar telescope, patterned after the 12- 
inch used for many years at Harvard Ob 
servatory by Leon Campbell, extended 
from an upstairs window. 

It was well known, among all his 
friends, that Charlie Elmer's astronomical 
life consisted of 99 per cent enthusiasm 
and one per cent experience. Great ex- 
citement reigned at a meeting of the 
AAVSO in 1924 when a telegram arrived 
from Mr. Elmer reporting one observa- 
tion made with his polar telescope. His 
good fairy was watching over him, for 
that observation found SS Cygni at maxi- 
mum light. His total number of variable 
star observations could be counted on 
two hands, but he made up for that lack 
in other ways. 

He gave the AAVSO a number of small 
refractors for loan to observers, and a 
splendid 6-inch refractor to be sent to 
India, where it is still doing noble work 
in the hands of R. G. Chandra. 

A real patron of astronomy, Mr. Elmer 
made generous gifts to Harvard Observa- 
tory, helped in the founding in the late 
1920’s of the Amateur Astronomers Asso- 
ciation in New York, was director of the 
department of astronomy of the Brook- 
lyn Academy of Sciences, served terms 


as president and secretary of the AAVSO, 
and was the founder of the Custer Insti- 
tute on Long Island. Many gifts to the 


AAVSO from “Mr. Anonymous” were 
postmarked from Long Island. 
In 1936, he and Richard S. Perkin 


formed the Perkin-Elmer Corporation, 
primarily to make instruments useful to 
astronomers. ‘They expanded to 
other fields, and when the war broke out 
were making roof prisms, an Air Force 
panoramic camera, and many other mili- 
instruments. But 
Armagh-Dunsink-Harvard 
33-inch Baker-Schmidt telescope, installed 


soon 


tary Elmer's greatest 


love was the 


at Harvard’s Boyden station in South 
\frica in 1950. 
The seventh merit award of the 


\AVSO was given to him in 1943, with 
the citation: ‘““To Charles W. Elmer, who 
by his long continued service and devo 


THIS MONTH’S MEETINGS 


Cambridge, Mass.: Bond Astronomical 
Club, 8 p.m., Harvard Observatory. 
March 3, Dr. Bart J. Bok, Harvard Ob- 
servatory, “Gas, Dust and Stars.” 

Chicago, Il.: Burnham Astronomical 
Society, 3 p.m., Adler Planetarium. March 
13, Dr. G. C. McVittie, University of 
Illinois, “Why Should an Astronomer 
Study Relativity?” 

Cleveland, Ohio: Cleveland Astronom 
ical Society, 8 p.m., Warner and Swasey 
Observatory. March 11, Dr. John D. 
Kraus, Ohio State University, “New Dis 


coveries in Radio Astronomy.” 


Dallas, Tex.: Texas Astronomical So- 
ciety, 8 p.m., Lone Star Gas Co. audi- 
torium. March 28, film, “Remote Parts 
of the Universe.” 


Ft. Worth, Tex.: Ft. Worth Astronomi- 
cal Society, 7:30 p.m., Children’s Museum. 
March 24, Dr. F. K. Edmondson, Indiana 
University, “Exploring the Milky Way.” 

Geneva, IIl.: Fox Valley Astronomical 
Society, 8 p.m., City Hall. March 9, sym- 
posium: Prof. Clarence R. Smith, “Our 
Day Star’: Frank Hancock, “The Uni- 
verse of Suns.” 

Long Beach, Calif.: Excelsior Telescope 
Club, 8 p.m., home of T. R. Cave, Jr., 
265 Roswell Ave. March 25, T. R. Cave, 
Jr., “Jupiter.” 
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Charles W. 


Elmer (1872-1954). 


tion to the activities of the Association, 
has greatly furthered the work on the 
problem of stellar variation.” His jolly 
laugh and jaunty air will always live in 
the memories of those who knew him. 
MARGARET W. MAYALL, Recorder 
American Association of 

Variable Star Observers 


Minn.: Minneapolis As- 
7:30 p.m., Science Mu- 
Wensell S. Frantzich, 


Minneapolis, 
tronomy Club, 
seum. March 2, 
“The Sun.” 

Montreal, P. Q.: Royal 
Society of Canada, 8:15 
University. March 7, E. E 
urn.” 

New York, N. Y.: Amateur Astrono- 
mers Association, 8 p.m., American Mu- 
seum of Natural History. March 2, Dr. 
Uco van Wijk, Princeton University Ob- 
servatory, “Inconstant Stars: The Study 
of Variables.” 

Rutherford, N. J.: Rutherford Astro- 
nomical Society, 8:15 p.m., YMCA. March 
3, John Grinch, “Velikovsky’s Worlds 
Pastorfield, “The 


\stronomical 
p.m., McGill 
Bridgen, “Sat- 


in Collision.” James 
Equinoxes.” 
St. Louis, Mo.: St. Louis Amateur Astro- 


nomical Society, 8 p.m., St. Louis Insti- 


tute of Technology. March 18, Stuart 
O'Byrne, “Amateur Society Observa- 
tories.” 

South Bend, Ind.: St. Joseph Valley 


Astronomers, 7:30 p.m., YMCA. March 
3, Fred Urednick, “Rockets.” 

Washington, D. C.: National Capital 
Astronomers, 8:15 p.m., Commerce De- 
partment auditorium. Mar« h 5, panel of 
experts, moderator, Charles A. Federer, 
Jr., Harvard Observatory. 
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Sponsored by the 


Teachers’ Committee of the American Astronomical Society 


SUPPORT FOR RESEARCH 


FSEARCH CORPORATION 
first impressed in 194] with the 


was 
fact 
that astronomy is a physical science. The 
foundation had been in existence since 
1912, and its interests had been primarily 
in the support of fundamental research 
in physics, chemistry, mathematics, and 


the like. The 


these fields were such that there had been 


meritorious demands of 
no occasion for the Research Corpora 
tion to search out other areas in need ol 
support 

Donald H. 194] 
for modest funds to help construct a 


Menzel’s request in 


coronagraph was, apparently, the point of 
Research 
interests. 


discovery of astronomy’s and 
mutuality ol 
the 


Menzel's proposal, 


Corporation's 


Starting with erant in accordance 
with Dr. Research 
Corporation has in the past 13 years de- 
veloped a very real and continuing in 
terest in this field. There are presently 
Research 
grants in astronomy, representing about 
$85,000 in 


This non-precise phraseology is used be 


active some 13 Corporation 


more-or-less current funds. 
cause Research Corporation grants are 


not tied to specific calendar or fiscal 
years. 


At the end of World War II, 


rected our interests primarily toward the 


we di 


needs of the smaller institutions of liberal 
the 


the younger science teachers who wished 


arts and sciences and to needs of 


research 
the 


to initiate or maintain some 


activity. Since the announcement of 
program, some 2,000 formal applications 
have resulted in the support of about 
1,200 projects at nearly 400 institutions, 
and some 75 per cent of the projects 
have had renewed support one or more 
times. Of 300 


and renewal grants in the physical sci- 


the approximately new 
ences made annually during this period, 
average of about 10 
than half of 
reasonable definition, were to 


there has been an 


in astronomy, less which, 


under any 
“smaller” institutions. 

We take as much pride and _ interest 
in work Research Corporation has helped 
for example, Whittier Col- 
and Clark, Scott, 


Wesleyan, Colgate, and Swarthmore, as in 


support at, 


lege, Lewis \ones 
work for which grants have been made at 
the major centers and larger universities, 
such as Yerkes, McMath-Hulbert, and the 
University of California. However, we 


could wish for a_ heavier distribution 
among astronomy teachers in the smaller 
institutions. Possibly teaching loads and 
routine duties in most of the liberal arts 


colleges afford no time for many teachers 


of astronomy to consider research; pos- 
sibly the kind of support available from 
Research Corporation does not meet the 
needs of research-minded astronomers in 
many of the smaller institutions. 
Research Corporation grants are made 
to academic (sometimes other) nonprofit 
institutions. ‘hey are made on the basis 
of application by a regular staff member 
of the institution, usually for support of 
some reasonably specific program of re- 
search, and they require the interest of 
the institution itself at least to the extent 
of endorsement of the application. The 
grants are intended to cover the unusual, 
out-of-pocket costs of the project, not to 
facili- 


underwrite its total costs of time, 


ties, and the like. Thus, funds are avail- 
able for special equipment and supplies, 
and for assistance in the form of fellow- 
ships or wages for part-time skilled labor. 
They are not available for procurement 
of routine supplies or facilities which 
would normally be expected to be avail- 
able at an institution of higher learning, 
nor are they intended to provide for any 
parts of the salaries of regular staff mem- 
bers or other expenses which constitute 
normal institutional costs of operation, 
including overhead. 

The requirement of a reasonably spe- 
cific project or program, which can be 
summarized on Research Corporation’s 
brief application forms, enables our ad- 
visory committee on grants to form some 
judgment of the values, educational and 
or scientific, which may be realized from 
the expenditure of the funds requested. 
It is not intended to limit grants to the 
procurement of apparatus or equipment 
useful only for the specified project; on 
the contrary, it is a distinct plus factor 
in consideration of a proposal if perma 
nent or semipermanent additions to in- 
strumentation are contemplated which 
will be of continuing use in the institu- 
tion’s educational and research activities 
over an extended period of time. 

Recently, we have 


begun a_ project 


completely novel to Research Corpora- 
tion. We are in the process of acquiring 
several Questar telescopes which we pro- 
pose to make available on loan to sci- 
teachers who 


be able to set forth interesting uses to 


ence and astronomy mav 
which they might put such a device. This 
experiment is being tried on our con- 
viction that this instrument is unique as 
a teaching aid and that exposure of some 
young minds to its optical, mechanical, 
will stimulate 
them to a real interest in science gener- 
ally and in astronomy in particular. 
Our field representatives travel exten- 


and observing features 
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sively, visiting colleges and universities, 
and will welcome inquiries and oppor- 
tunities to discuss or correspond with in- 
dividuals who would like more informa- 
tion. William A. Woods, whose oflice is 
at 225 Santa Monica Blvd., Santa Monica, 
Calif., represents Research Corporation 
in the 11 East of 
to the Mississippi and Ohio Rivers, Wal- 
ter E. Thwaite, Jr., with offices at Room 
1316, 228 North LaSalle St., Chicago 1, 
Ill., is the representative. Alfred Kelleher, 
at the main office, 405 Lexington Ave., 
New York 17, N. Y., is field representa- 
tive in the East. 
CHARLES H. SCHAUER 
Director, Grants 
Research Corporation 


western states. those 


Division ol 


BOOKS FOR AMATEURS—concluded 

TELESCOPE MAKING 

Amateur Telescope Making, Albert G. In- 
galls, editor. Scientific American, Inc., 
New York. Vol. 1, 1933, $5.00; Vol. 2 
(Advanced), 1937, $6.00; Vol. 3, 1953, 
$7.00. This famous series has grown with 
the years. The first volume tells how to 
make a reflecting telescope, but does not 
pin the amateur down to hard and fast 
specifications. The second volume discusses 
advanced mirror-making techniques, flat 
making, eyepiece work, telescope drives, 
aluminizing, and other topics for the ex- 
perienced telescope maker. In the third 
volume are 44 chapters by men of out- 
standing optical experience. Among the 
great variety of subjects covered are a sys- 
tem for astronomical photography, the 
construction of a Maksutov correcting 
lens, an inexpensive photoelectric photom- 
eter, Schmidt cameras, and how to make 
a flat that is really flat. 

Making Your Own Telescope, Allyn J. 
Thompson. Sky Publishing Corporation, 
Cambridge, Mass., 1947, $4.00. A book for 
the beginner containing in systematic 
fashion all the practical instruction he will 
need to construct and mount a 6-inch re- 
flecting telescope. 





OPTICAL SOCIETY MEETING 

The spring meeting of the Optical So 
ciety of America will be held at the Hotel 
Statler, New York City, on April 7, 8, 
and 9. The program will feature a sym- 
posium on optical molecular spectroscopy, 
including the following papers: 

“Recent Work on the Spectra of Simple 
Polvatomic Molecules,” G. Herzberg, Na- 
tional Research Council of Canada. 
the In- 
frared Spectra of Polyatomic Molecules,” 
H. H. Nielsen, Ohio State University. 

At the society dinner on Friday eve- 
ning, April 8th, Ralph M. Evans, East- 
man Kodak Company, will talk on “Color 


“Resonance Interactions and 


and Brightness in Projected Color Pic- 
tures.” 

Optical Society meetings are open to 
nonmembers. Copies of the program will 
be published four weeks in advance and 
may be obtained from Dr. Arthur C. 
Hardy, Massachusetts Institute of Tech- 
nology, Cambridge 39, Mass. 








NEWS NOTES 


ATMOSPHERIC LUNAR TIDES 

The atmosphere of the earth, like its 
oceans, is subject to tidal effects caused 
by the gravitational pulls of the sun and 
the moon. While less obvious than ocean 
tides, those in the atmosphere have been 
recognized in long series of barometric 
pressure records. The lunar tides are dis- 
cussed by Ryukichi Sawada in the Me- 
New York Uni- 


versity, where he presents computations 


teorological Papers of 


based on theories developed earlier by 
S. S. Hough and by C. L. Pekeris and 
M. V. Wilkes, and on upper atmospheric 
temperatures obtained chiefly from high- 
altitude rockets. 

One of Sawada’s results is that maxi- 
mum surface pressure occurs 30 minutes 
after the moon crosses the local meridian 
when the ozonosphere has a temperature 
of 325° absolute; if the temperature is 
307°, however, the maximum occurs two 
hours after the lunar transit. ‘The temper- 
ature of the ionosphere modifies both 
amplitude and time of the maximum 
lunar tide slightly but not negligibly. 

Peculiar seasonal variations of the pres- 
sure oscillation caused by atmospheric 
tides, already found by Chapman, are 
interpreted by Sawada to be caused by 
seasonal variations in the mean temper- 
atures of the ionosphere and the ozono- 
sphere. 


EXPANDING UNIVERSE DATA 

\t the Berkeley meeting of Section D 
of the American Association for the Ad- 
vancement of Science, in December, Dr. 
Allan Sandage described further work by 
Mount Wilson Palomar astrono- 
mers on the red shifts and distances of 
information 


and 
galaxies. He extended the 
reported in our April, 1954, issue, pages 
I88 and 189. 

Dr. Edison Pettit has completed photo- 
electric measures of the apparent mag- 
nitudes of most of the nearly 800 galaxies 
for which radial velocities have been ob- 
served. From these magnitudes the indi- 
vidual distances may be estimated. The 
range of distance now, covered is 60 
times greater than that available to Hub- 
ble when he first enunciated the red- 
shift-distance relation from 24 galaxies in 
1929. 

Dr. Sandage has made a_ preliminary 
analysis of this massive material, whose 
complete study will take about four 
years. In 1936, Hubble found that the 
red shift increases with distance at a con- 
stant rate of 530 kilometers per second 
per million parsecs. Dr. Sandage drasti- 
cally revises this figure to about 180 kil- 
ometers per second. We can now say with 
some assurance that the relation is the 


same for all directions in space, and that 





By Dorrit Horr.Leitr 





it holds from the nearest to the farthest 
known distances. 

Most of 
constant 


the change in the Hubble 


comes from recent revisions of 
the distance scale. The twofold increase 
in the distance of the Andromeda galaxy 
should not be expected to hold for all 
other systems. The Virgo cluster is now 
placed 22 million light-years away, nearly 
three times its former estimated distance. 
The M81 group in Ursa Major is_be- 
lieved to be four times as far away as 
before. Several lines of evidence suggest 
an average correction factor of at least 
three to the 1936 distances. 

It is still possible that the red _ shifts 
may result from some unknown property 
of light, but the age of the universe cal- 
culated from expanding universe theory 
may favor the latter interpretation of the 
red shifts. The expansion appears to 
have begun about four billion years ago, 
which is in reasonable agreement with 
independent estimates of the ages of the 
oldest stars and with geologists’ deter 


the age of the earth. 


minations of g 


ASTRONOMERS TO MEET 
{T PRINCETON 

Lhe 
will 


Society 
meet at University Ob- 
servatory, Princeton, N. J., on April 3-6. 
The program will include a symposium 
on “Interrelations between Gas, Dust, and 
Stars.” Dr. B. director of 
Yerkes Observatory, will be chairman, 


American Astronomical 


Princeton 


Stroemegren, 


and papers will be given by W. Baade, 
L. Biermann, and B. J. Bok. 

The seventh Henry Norris Russell lec- 
ture will be given on Monday evening, 
\pril 4th, by Dr. Paul Merrill, of Mount 
Wilson On 
Tuesday afternoon, April 5th, the ad- 


and Palomar Observatories. 
dress of the retiring president will be 
by Dr. Robert R. McMath, of the Mc- 
Math-Hulbert The 


dinner will be held that evening. 


Observatory. society 


INOTHER METEORITE FIND 

Last 
teorite falls throughout the worid com- 
piled by Dr. F. C. Leonard, of the Uni- 
versity of California. Now fall 
may be added to the list, as the result 
of a recent chance meeting between Dr. 
Leonard and a visitor at the rim of Me- 
teor Crater in Arizona. Sergeant L. M. 
Mauersberger, of Parks Air Force Base, 
Calif., showed the meteoriticist a stone 
weighing about three quarters of a pound 
that he had picked up on his farm near 
Marlow, Okla., in 1936. 

The stone was identified by Dr. Leon 
ard as a meteorite, consisting mainly of 
minerals, and 


month we noted the list of me 


another 


two characteristic olivine 
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IN THE CURRENT JOURNALS 


THE FOUNDING OF THE MOUNI 

WILSON OBSERVATORY, by Walter 
S. Adams, Publications, Astronomical 
Society of the Pacific, December, 1954. 
“On December 20 [1904, Hale] started 
up Mount Wilson, riding a mule. 
\t Martin’s Camp, a small mountain 
resort about a mile below the summit, 
he was called to the telephone The 
Executive Committee had appropri- 
ated $150,000 a vear for two years, and 
had given assurance of generous sup- 
port in the future for additional con- 
struction and maintenance. It is pe- 
culiarly fitting that Hale should have 
received this news on his way up Mount 
Wilson, and on the trail where he had 
done so much of his thinking and plan 
ning for the future.” 


enstatite. It had apparently been found 
fall, for an 
crust is 


only a short time alter its 


appreciable amount of fusion 
still present on the predominantly oxi 
dized surface. The stone was acquired tor 
Dr. Leonard’s collection at the Univer 
California in Angeles. 


sity of Los 


{WARDS 

director of Yale Uni- 
Walter Baade, 
Observa- 


TWO GOLD MEDAI 

Dirk Brouwer, 
versity Observatory, 
Mount Wilson 
tories, will each be honored with a gold 
1955. 

Dr. Brouwer is to 
medal of the Royal 
in London, and will deliver the society's 


and 
and Palomar 
medal in 
the gold 


\stronomical Society 


receive 


George Darwin lecture. His many contri- 
butions to astronomy concern the meth- 
ods of celestial mechanics, planetary and 
satellite motions, asteroids, variations in 
the period of the earth’s rotation, and 
fundamental astronomical constants. 
The Catherine Wolfe Bruce medal of 
the Astronomical Society of the Pacifte 
will be given to Dr. Baade for his pio 
neering investigations on the structures 
of galaxies. It was his recognition of the 
existence of two. different population 
types among the stars in the Andromeda 
nebula and also in our own galaxy that 
led to the recent important revision of 


the distance scale for galaxies. 


NEUTRAL HYDROGEN 
AND ELLIPTICAL GALAXIES 
An apparent departure from the mass 


luminosity relation for some elliptical 
galaxies and members of the Coma clus 
ter of galaxies, noted by M. Schwarz- 
schild, may be resolved by the proposals 
of two graduate students at the Leuschner 
Observatory, Robert P. Kraft and Sidney 
M. Stone. They described their work at 
the December meeting of Section D, 
American the Advance- 
ment of Science, at Berkeley, Calif. 


Mr. Kraft suggested that most of the 


Association for 
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mass in the elliptical systems may be neu 
tral hydrogen gas, instead of stars. He 
called attention to the large hydrogen 
content of the Magellanic Clouds, found 
by Australian radio astronomy observa- 
tions (see Sky and Telescope, December, 
1954, page 56). Previously, astronomers 
had thought that systems of this type, 
composed predominantly of stars of Popu- 
lation II, would be essentially free of 
neutral interstellar hydrogen gas. 

The Coma cluster, at a distance of 
about 80 million light-years, contains 
some 1,000 galaxies concentrated within 
a four-degree region of the sky. Mr. 
Stone suggested that if neutral hydrogen 
gas is present in this cluster it should be 
distributed in intergalactic clouds, since 
gas originally present in the individual 
galaxies would be swept out by collisions 
between them, as shown by L. Spitzer and 
W. Baade. 

Since the intergalactic gas clouds might 
generally be at temperatures near ab- 
solute zero, no visible light would be ra- 
diated, but radio emission of 21 cen. 
timeters wave length should be quite 
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strong, even possibly exceeding that from 
the relatively nearby Small Magellanic 
Cloud. 

In order to detect the Coma cluster ra- 
diation, radio telescopes will probably 
have to be tuned to 21.6 instead of 21.1 
centimeters, since the optically observed 
red shift for such distant galaxies amounts 
to about one part in 40, corresponding to 
a velocity of recession of almost 7,000 
kilometers per second. If the neutral hy- 
drogen radiation shows the correspond- 
ing Doppler shift, it will provide a strong 
confirmation of the optical observations 
on which the concept of the expanding 


universe is based. 


ASTEROID PHOTOMETRY 


Systematic photoelectric observations of 
asteroids have been carried out at Mc- 
Donald Observatory since 1949 by Dr. 
G. P. Kuiper and his collaborators (see 
Sky and Telescope, March, 1953, page 
129). Four recent papers in the Astro- 
physical Journal give their detailed re- 
sults for 18 minor planets. 


Seventeen of these show light varia- 
tions such as would result from an ir 
regularly shaped body in rapid rotation. 
The largest amplitude, 0.49 magnitude, 
was measured for 15 Eunomia. The peri- 
ods run from a doubtful 18 hours for 10 
Hygiea to four hours nine minutes for 
22 Kalliope. The latter value is only 25 
per cent longer than the shortest possible 
rotation period for an incorgpressible 
homogeneous fluid mass of density 3.5. 
It was also found that the rotation of 
15 Eunomia is retrograde. 

Color indexes for the asteroids have 
been determined with an accuracy of 
better than +0.01 magnitude. The aster- 
oids by no means have identical colors, 
but on the average they are comparable 
with the color of a KO main-sequence star, 
except that they are stronger in ultra- 
violet light. In the latter respect, the as- 
teroids are intermediate between Jupi- 
ter’s moons, which have no_ ultraviolet 
excess, and bodies like Pluto and Triton 
(Neptune’s satellite) with a marked ex- 
cess. The colors of individual asteroids 
bear no relation to their relative sizes. 





SOME PHOTOELECTRIC PROBLEMS 


(Continued from page 188) 


per cent to the background of the night 
sky, and this closely to 
Baum’s limit. 

The Palomar Observatory astronomer 
has observationally confirmed this calcu- 
lation. He chose a star of 23.8 blue mag- 
nitude and 22.9 yellow magnitude, these 
values determined photoelectrically. A 
fully exposed yellow plate shows the star 
conspicuously. On a fully exposed blue 
plate, the star appears as a barely per- 
ceptible increase in the density of the 
background if one knows in advance 
where to look. 

The similarity of Baum’s treatment of 
photographic limiting magnitudes and 
the photon-counting method is shown by 
the microphotometer tracing of a section 
of the five-minute photograph on page 
188. The individual wiggles of the tracing 


corresponds 


correspond to the departures from the 
mean of the individual grain counts per 
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A microphotometer scan of the image 

of a faint star on a 200-inch telescope 

negative, from Mount Wilson and 
Palomar Observatories. 


unit area or unit time. The root mean 
square is indicated on the right side. It 
is evident that to be sure of a star the 
general increase in the level of the curve 
must be several times larger than the 
root mean square. 

But in order to 
detectable it is necessary 
grains per picture element. This cannot 
be done by increasing the exposure be- 
yond 30 minutes, for then the grains be- 
gin to coalesce and the background is 
overexposed. But an emulsion containing 
should produce more 
element without 
fine-grained 


star 
more 


make a fainter 
to have 


grains 
per picture 
crowding them. Thus, a 
emulsion should give better contrast. Up 
to a certain point this procedure is sound, 
but in practice it is limited by the pro- 
hibitive slowness of all fine-grained emul- 
sions. Nevertheless, in the related prob- 
lem of detecting a faint absorption line 
on the background of a continuous spec- 
(such as 


smaller 


grains 


trum, fine-grained emulsions 
Eastman Process) have yielded spectacular 
advances. 
Can any 
duce the uniform sky background? Baum 


concludes that no such procedure is in 


photographic procedure re- 


sight. Photography by itself does not ap- 
pear to offer material improvement be- 
yond the present limit of a blue magni- 
tude of 24 attainable with the 200-inch 
telescope. But some novel electronic tech- 
niques, such as that of Lallemand men- 
tioned above, are promising, and _ these 
will be described next month. 


AuTHor’s Note: Professor J. Neyman, 
director of the Statistical Laboratory of 
the University of California, has told me 
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that Student's papers first appeared about 
1904 in the periodical Biometrika and 
immediately aroused the keenest interest 
among statisticians. For nearly 20 years 
his identity remained a secret, and there 
were even rumors that the pseudonym 
was used by the Prince of Wales, the 
patron of the British Statistical Associa- 
tion. 

In 1924, Mr. Neyman arrived in Lon- 
don as a postgraduate student. His first 
visit was to the office of the famous Karl 
Pearson, but the latter was away, and a 
friendly looking, bearded gentleman 
showed the visitor around. Asked if he 
happened to know the identity of Stu- 
dent, Mr. Neyman’s host replied, “I 
know him well indeed. I am Student.” 

His name was W. S. Gosset, an Ox- 
ford graduate in chemistry and mathe- 
matics who in the early 1900's took a posi- 
tion as junior brewer at the Guinness 
Brewery in Dublin. Although his duties 
did not then involve statistics, he con- 
tinued to work in that field. Having 
aroused the interest of a director of the 
company, who realized that statistical 
methods might be useful in the business, 
Gosset was sent to London to work under 
Pearson for several years. He was per- 
mitted to publish his scientific findings, 
but only under a pseudonym, presum- 
ably to prevent competitors from realiz- 
ing that Guinness was using the services 
of a statistician. 

Gosset remained on the brewery staff 
for the rest of his life, but the mystery 
of his name gradually became dispelled. 
In his later years he trained a number of 
younger members of the brewery in the 
methods of statistics, and all of them 
used pseudonyms in their publications. 
No doubt the yeast cells discussed in this 
article had some connection with Guin- 
ness’ desire for anonymity. 








by BOOKS AND THE SKY W Heady in May- 


ASTROPHYSICS 


Nuclear Transformations, Stellar 
Interiors, and Nebulae 


Lawrence H. Aller. Ronald Press Co., 
New York, 1954. 291 pages. $12.00. 


B he is actually the second volume of 
Aller’s Astrophysics, and prospective 
purchasers would have a clearer reali- 
zation of the relationship between the 
two books if each had been assigned a 
volume number. In the previous volume, 
subtitled The Atmospheres of the Sun 
and Stars, the basic equations of atomic 
theory and of the physics of normal stel- 
lar atmospheres were given, and in the 
present work Dr. Aller avoids much rep- 
etition by referring the reader to the 
earlier volume for these derivations. 
The first part of the present volume 
also deals with fundamental physics: nu- 
clear reactions and the equations govern- 
ing mechanical equilibrium and energy 
transfer under the conditions of high 
temperature and pressure holding within 
a star. A particularly valuable table, con- 
tributed by W. A. Fowler, summarizes 
the energy yields and cross-sections of 
the reactions which probably account for 
the bulk of the energy production in nor- 
mal stars. 
After an excellent discussion of the ap- 
plication of the general physical results 
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A Brief Text 


ASTRONOMY 








@ “EXCELLENT for a short 
one-semester text. The material 
is right up to date and carries 
the student into the very core 
of modern-day astronomy.” 
Lloyd Motz, 
Columbia University 


now available 
course. 


@ “BEST text 
for a one-semester 
Inclusion of an authoritative 
and clearly written discussion 
of the recent changes in the dis- 
tance scale of the galaxies is 
an outstanding feature.” 

Frank K. Edmondson, 

Indiana University 
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to the construction of theoretical models 
of stars, there is a section on the origin 
of the chemical elements. This topic is 
sensibly kept brief, for the subject is just 
undergoing transformation from the stage 
of rather free speculation to that of quan- 
titative application of reliable nuclear 
data. Since, however, a good summary is 
given of the theory of Alpher, Bethe and 
Gamow (the “aSy theory”) of the for- 
mation of elements from a_ primordial 
neutron gas during the early stages of 
the expansion of the universe, I feel that 
a better-balanced idea of current views 
would result if comparable space were 
given to the possibilities of element for- 
mation in very hot stars. Considerations 
of the latter type, initiated chiefly by 
Hoyle, offer some promise of explaining 
the observed abundances of heavy ele- 
ments in important groups of stars, such 
as those of types C and S$. This possibil- 
ity is mentioned by Aller, but not dis- 
cussed further. 

The following chapter on Cepheids 
and long-period variables develops the 
relations between internal structure and 
the observable surface phenomena of a 
pulsating star. In introducing the subject, 
Aller reminds the reader that “. .. a 
study of pulsating stars may give infor- 
mation on stellar interiors that could not 
be found from objects in static equilib- 
rium By studies of the strange and 
exotic we throw new light on the un- 
solved problems of the atmospheres and 
interiors of giant and supergiant stars.” 

The second half of the volume deals 
with matter at low densities, passing from 
the extended envelopes surrounding cer- 
tain giant stars and the expanding shells 
around novae, to planetary nebulae, and 
finally to the yet more tenuous gases and 
dust clouds of interstellar space. This 
progression from the most highly com- 
pressed gases inside stars, with densities 
of perhaps 100,000 grams per cubic centi- 
meter in the degenerate cores of white 
dwarfs, to the low interstellar densities 
of the order of 10-24, is probably the 
most logical way of presenting the im- 
mensely varied phenomena, but brings 
with it some disadvantages. Thus, the 
Zanstra method of estimating the tem- 
perature of a star—by photometry of the 
spectrum which it excites in a nearby 
gas cloud—was originally developed for 
the case of a planetary nebula, and the 
derivation of the equations is naturally 
given by Aller in Chapter 5, on plane- 
tary nebulae. At three earlier points in 
Chapter 4, however, he had already found 
it necessary to quote applications of the 
method to novae and variable stars. This 
is not a serious criticism of the arrange- 
ment of topics though, for it is doubtful 
that any different ordering would avoid 
all such forward references. 

Even from this incomplete summary it 
is evident that the volume is largely con- 
cerned with those exciting problems 
which lie close to the borders of present 
astronomical knowledge. Consequently, 
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[7 NEW FIFTH EDITION— 


ELEMENTS 
of 
ASTRONOMY 


EDWARD ARTHUR FATH 


Formerly Professor of Astronomy and 
Director of the Observatory, 


Carleton College 


The appearance of this outstanding vol- 
ume marks a high point in building an 
impressive record of distribution and 
use. Since 1926, it has held a unique 
position in the field as a thorough, non- 
technical presentation of the facts of 
astronomy and the principles and meth- 
ods used astronomical in- 
vestigations. 





in modern 


Since the publication of the previous 
edition much new observational material 
has been obtained and many new ideas 
have been developed. The changes in 
viewpoint arising from the shifting of 
the zero paint of the period-luminosity 
law for the classical Cepheids are far- 
reaching. The author has sought to in- 
clude every important discovery pub- 
lished up to the time of going to press. 


The chapters on sun, stars, and extra- 
galactic objects have been entirely re- 
written and brought up-to-date. A new 
chapter on Interstellar Matter has been 
added. Many excellent new illustrations 
have been included. A number of new 
photographs, especially those taken by 
the large telescopes on Mount Palomar, 
have replaced older ones. 


An examination of the new edition of 
this distinguished work will show why it 
is regarded by so many as the best col- 
lege text for a brief introductory course 
covering the whole range of the science 
of astronomy. 


Send for a copy on approval 





MeGraw-Hill 





BOOK COMPANY, INC. 
330 West 42nd Street 
New York 36, N. Y. 
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The British 
Interplanetary Society 
With over 2,500 members, the B.LS. 


is now the largest organization in 
the world devoted to astronautics. 
Its Journal publishes lectures pre- 
sented to the Society, gives an ex- 
tensive news coverage, and contains 
a complete abstracting service. 
Membership is open to all; fellowship re- 
quires techriical qualifications. The dues 
are: Entrance fee, $1.50; Fellowship, 
$7.50; Membership, $4.50 ($3.00 if un- 
der 21). 

Details concerning the Society may 
be obtained from the Secretary at 
12 Bessborough Gardens 
London S. W. 1, England 








it can be predicted that revised editions 
will be called for more quickly than in 
the case of works dealing with more fos- 
This situation, together 
such a 
serious 


silized subjects. 
with the cost, which is high for 
relatively small book, creates a 
problem for students (and many others) 
who are likely to find that they cannot 
aflord the book and yet cannot aftord not 
to have it. The excellent quality of the 
photographic illustrations adds greatly to 
the value of the book; nevertheless it 
must be regretted that the publishers 
could not have found a less expensive 
format. Perhaps the solution to this com- 
mon dilemma is to issue separate, cheaper 
“student editions’ of such fundamental 
treatises. 


Another newness 


consequence of the 





interest 


Further your 


as information relating to 


For the amateur or professional scientist, as well as the in- 
terested layman, Sky and Telescope is sold by subscription. 
In the United States and possessions: 
$10.00, three years. In all other countries: 


two years; 


one year; $9.00, two years; $13.00, three years. 


INSIGHT INTO ASTRONOMY 

By Leo Mattersdorf. A practical and 
informative book introduces the budding 
astronomer to the mysteries of the 
universe. 223 pages, 28 figures and 12 
plates, $3.50 


SKY SETS I AND I 

Collections of large astronomical pic- 
tures, each 814 by 1134 inches, printed 
on heavy paper with white border, 24 
in each set, and with separate captions. 
Sky Sets I contains objects in our solar 
system and the Milky Way; Sky Sets II 
includes telescopes, further Milky Way 
pictures, and other galaxies, many taken 

with the 200-inch telescope. 
Each set, $4.00 

MOON SETS 


Made from Lick Observatory’s unsur- 
passed negatives, these 18 pictures, 814 
by 1134 on a sheet 12 by 18 inches, show 
the whole face of the earth’s 
satellite. Small key charts are included. 
Suitable for framing, or for use as an 

$3.00 a set 
SPLENDORS OF THE SKY 


This is a 36-page picture booklet, with 


visible 


atlas. 


short captions, designed to take the be- 
ginner on a quick trip from the nearby 
moon out to the farthest reaches of the 


75¢ each 


universe, 


Sent postpaid anywhere in the world. 


SKY PUBLISHING CORPORATION 


Harvard College Observatory 


in astronomy with these 


SKY PUBLICATIONS 


For timely month-to-month astronomical news and infor- 
mation, read Sky and Telescope, the largest astronomical 
magazine in the world. Profusely illustrated, each issue con- 
tains articles by leading scientists and astronomers, as well 
observing and telescope making. 


$4.00, one year; $7.00, 
$5.00, 


MAKING YOUR OWN TELESCOPE 

By Allyn J. Thompson. This book 
gives step-by-step instructions on how 
to construct a low-cost 6-inch reflecting 
telescope. It is designed for any enter- 
prising hobbyist with the time, patience, 
ingenuity. 211 


$4.00 


and some mechanical 


pages, 98 figures and 6 plates, 
ATLAS OF THE HEAVENS 


By A. Becvar and others at the Skal- 
nate Pleso Observatory. This is a set 
of 16 charts, each 16 by 24 inches, and 
covers both hemispheres of the sky to 
stellar magnitude 7.75, showing double, 
multiple and variable stars, novae, clus- 
ters, globulars and _ planetaries, bright 
and dark nebulae, the Milky Way and 
$6.00 


constellation boundaries, galaxies. 


RELATIVITY AND ITS 
ASTRONOMICAL IMPLICATIONS 
By Dr. Philipp Frank, Harvard Uni- 

versity. The general theory of relativity 
discussed for the layman in a unique and 
interesting manner. 50¢ 


THE STORY OF COSMIC RAYS 


By Dr. W.F.G. Swann, Director, Bartol 
Research Foundation. An _ up-to-date 
popular account of an exciting border- 
land between and_ physics, 
written by a leading authority in this 


75¢ 


astronomy 


rapidly advancing field. 


Cambridge 38, Mass. 
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of much of the material is that the pres- 
entation sometimes oscillates between 
that of a textbook, stressing basic meth- 
ods, and that of a research review which 
attempts to mention all the recent con- 
tributions to a subject. Some teachers 
who are already using the volume as a 
text have found it necessary to fill out 
the derivations in many sections with 
reading of the original papers. Fortu- 
nately, the bibliography at the end _ of 
each chapter is extensive and accom- 
panied by helpful comments on each 
reference. 

It is always find 
points to criticize in such a comprehen- 
sive work, but, taken as a whole, Aller’s 
Astrophysics succeeds brilliantly not only 
in telling the reader what has been done 
but also in giving him a feeling for the 
relative importance and difficulty — of 
many of the unsolved problems which are 
engaging the most serious efforts of as- 
PHILIP C. KEENAN 

Perkins Observatory 


easy to individual 


tronomers. 


SIR ISAAC NEWTON 


E. N. da C. Andrade. The Macmillan 
Co., New York, 1954. 140 pages. $1.75. 


WO MAIN impressions are gained 

by the reader of this book—Professor 
Andrade’s_ profound knowledge of his 
subject, though here condensed into a 
slim volume, and the vividness of his 
explanations. The series of which it forms 
a part is entitled “Brief Lives,” and the 
publishers explain that they asked the 
author to prepare his text with younger 
readers in mind. The result is that he 
deals with problems of optics, the laws 
of gravitation and motion, even the 
meaning of the calculus, in such a clear 
style and with such a simplicity of lan- 
guage that few readers will have any 
difficulty in understanding what — is 
meant. 

The book is essentially an account 
of Newton's life, with the divisions of 
the text corresponding to well-marked 
periods of that life. As a background, 
the author gives a masterly description of 
the state of science at the time. The 
ofhcial teaching in the universities was 
still an exposition of the views of the 
Greek natural philosophers, with Aris- 
totle as the supreme authority. These 
philosophers were more interested in 
speculating about the causes of phenom- 
ena than in discovering the laws accord- 
ing to which nature behaves, and they 
argued by deduction from accepted 
philosophical ideas, many of which were 
quite erroneous. 

By 1650, however, the Renaissance of 
science was providing a new way of look- 
ing at its problems, initiated by men like 
Galileo, William Gilbert, and Kepler. 
The spirit of experiment rather than 
appeal to authority was in the air. An 
evidence of this new attitude is seen in 
the founding of the Royal Society, whose 
motto, Nullius in verba, Professor An- 
drade delightfully translates as ‘““We don’t 
take anybody’s word for it.” Into this 
changing scientific world Newton was 





















born. His was the greatest figure, but 
there were many lesser scientists united 
in the crusade to dethrone the appeal to 
authority and substitute the appeal to 
observation and experiment. 

\ character in one of George A. Bin 
mingham’s novels remarks: “The things 
that are told about the boyhood of great 
men are all invented afterwards. Nobody 
expects them to be true: but biographers 
have to put them in to satisfy the curios- 
ity of the public.” We are spared such 
stories in His youth 
indication of 
genius. He was clever at drawing and 
handicrafts, skills which later stood him 
in good stead. Even as a student at Cam- 
bridge he gained no distinction, but there 
he studied under Isaac 


Newton's case. was 


undistinguished, with no 


Barrow, Lucasian 
mathematics, whose influ 
ence was important in shaping Newton's 
career. 


professor ol 


Then came the period which the 
author entitles ‘Meditations at Wools- 
thorpe.” The spread of the Great Plague 


caused the closing of the Cambridge col- 
leges in 1665, and the students were sent 
away. At his family home of Woolsthorpe, 
Newton, at the age of 22 and 23, “medi- 
tated” for about 18 months. The nature 
of his cogitations is probably the most 
astonishing feature of his life, for he then 
laid the groundwork for most of his later 
discoveries. ‘The author sums up the 
achievements of this year and a_ half: 
“The young Newton mastered the basic 
laws of mechanics; convinced himself that 
they applied to heavenly as well as to 


The 





World 


But, to make it easier to sell planetariums to all 


earthly bodies, and discovered the funda- 
mental law of gravitational attraction; 
invented the methods of the infinitesimal 
calculus; and was well on the way to his 
great optical discoveries. What he did 
tater went, of course, immensely further, 
but it all grew out of the results won in 
that wonderful period, it was all built on 
the foundations then laid.” 

From the time of his return to Cam 
bridge in 1667 Newton’s public life in 
the field of science began. ‘The author 
takes us through one achievement after 
another, in each case giving a clear and 
simple explanation of what the discovery 
means. He also describes the preliminary 
work done in each field by Newton's 
predecessors, the data Newton had to go 
on. As Newton himself is said to have 
remarked, “If I have seen farther than 
most men, it is by standing on the 
shoulders of giants.” 

To those who are 
minded, the most interesting story in the 
book the establishment of the 
universal law of gravitation. ‘The Greek 
philosophers taught that there is a com 
plete distinction between celestial and 
terrestrial bodies: they differ in substance 
and behavior, and there is no use trying 
to explain the movements of planets on 
the basis of laws discovered for bodies on 
the earth. In Newton’s day this distinc- 
tion was being questioned. Johann Kep 
ler had worked out the traffic rules of 
the solar system, and the planets did not 
seem to be such unfamiliar bodies as they 
had previously been considered. It was 


astronomically 


concerns 








time to come 


the countries now recognized as part of the ter- 
restrial scheme, Spitz Laboratories has estab- 
lished a new export department to which all 
inquiries for export outside the United States 


should be addressed. 


SPITZ 


1010 Schaff Building, 


EXPORT DEPARTMENT 


LABORATORIES, 





Cable Address: SPITZEX, PHILADELPHIA 


Spitz Laboratories does not anticipate selling 
any planetariums out of this world for some 
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obvious that these trathc rules should be 


explainable by some attractive force 
vested in the sun. If there is such a force, 
it must be weakened by distance, but the 
rate of weakening was unknown 

During his Woolsthorpe period New 
ton had almost proving 
mathematically that a attraction 


that obeyed the inverse square law would 


succeeded in 
force ol 


explain equally the moon's orbit around 
the earth and the power of the earth's 


attraction for surlace—a 


objects at 1ts 
universal force. It worked out, as he late1 
admitted, “pretty nearly,’ Curiously, Pro 
fessor Andrade mention one 
probable reason the calculations did not 


does not 


come out exactly—a wrong value for the 
size of the earth—as is stated by other 
historians of science (Dampier, Jeans, 
Butterfield). When later the French 
scientist Picard announced a_ revised 
value for the earth’s size, and» Newton 
reworked his calculations on this basis, 


the niathematics came out perfectly. 

By 1684, Robert Hooke, Edmond Hal 
ley, and Christopher Wren were working 
on the problem of the sun's attractive 
force to explain planetary motions, and 
suspected that this obeyed the inverse 
square law. They did not 
mathematical ability to complete a prool 
and consulted Newton, who immediately 
that he already obtained the 


yossess. the 
I 


said had 


proof but had lost the record. It was then 
that he reworked the problem 
cident led to the preparation and pub 
lication in 1687 of the Principia. 


‘The 


This in 


18-month labor of writing the 





is a Big Planet 
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16-mm. sound, 400-foot reels 


I THE SUN 

Il THE MOON 

III THE SOLAR SYSTEM 

IV THE MILKY WAY 

V EXTERIOR GALAXIES 
Narration by Dr. Ruroy Sibley. 
Highly commended by Visual 
Aid Departments, Film Librar- 
ies, Schools, Colleges and Edu- 
cators throughout the country. 
Slide Strips (35-mm.) and Slides 
(2 x 2), immediate delivery. 
Each slide strip and set of slides 
is made from 20 selected frames 
of the corresponding reel. With 

Teaching Aid. 


Catalogues on request. 


International 


Screen Organization 
609 PHILADELPHIA AVENUE 
WASHINGTON 12, D. C. 
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THE EQUINOX 
APPROACHES 


j 


|| Cloudy weather often obscures the 
| stars at this time of year. We have an| 


| 


. : ‘ 
|| answer for those cloudy nights. We | 
|| are offering for sale a group of well- | 


known books on astronomy—good } | 


reading when skies are overcast. A| 
circular will be sent with each request || 
for the circular on charts and slides. 
Another service for YOU ij | 


$46.25 | 
$43.25 || | 
$40.25 |' | 
$37.00 
$34.00 
$30.00 
$27.50 || 
$24.50 
$21.50 
$18.25 
$15.25 
$12.25 
$37.00 
$9.25 


slide sets and 3 chart sets 
slide sets and 2 chart sets .. 
slide sets and 1 chart set 
slide sets and 3 chart sets 
slide sets and 2 chart sets 
slide sets and 1 chart set 
slide sets and 3 chart sets 
slide sets and 2 chart sets 
slide sets and 1 chart set 
slide set and 3 chart sets 
slide set and 2 chart sets 
slide set 1 chart set 
slide sets 
slide sets 
slide sets 
slide set 
slide 


chart sets. 
chart sets. .$6.25 
chart set . .$3.50 
chart . .$0.20 


$ 9.75 
$ 0.50 


ll ool he eed nn ee ee 


Chart sets are 8% x 11; slides, 2 x 2 (35- | 
mm.) Large wail charts (27 x 35 inches) of 
any of chart set titles, $3.50 each. Discounts 
for quantity orders of wall charts 
10% discount on $36.00 order, or larger 


Circular? Your address please. 


ASTRONOMY CHARTED 


|| 33 Winfield St., Worcester 10, Mass., U.S.A. 
Phone Worcester PL-5-6992 


Principia resulted in exhaustion so great 
that Newton suffered a complete nervous 
breakdown. He turned against science 
and, when recovered, sought an admin- 
istrative job. This was found for him in 
1696 as warden of the mint in London, 
and three years later he became master 
of the mint, a position he held until his 
death in 1727. This was no sinecure, as 
there were very real administrative 
problems to solve, and Newton became 
an efficient man of affairs. 

During this last period of his life New- 
ton eventually resumed his interest in 
science, publishing his Opticks in 1704. 
Professor Andrade gives a useful sum- 
mary of its contents. Newton was also 
president of the Royal Society from 1703 
until his death. He collected a large 
library of religious books and wrote on 
theology and biblicai interpretation. 

Throughout the book Newton’s person- 
ality stands out under the author’s skill- 
ful handling. Newton’s achievements are 
attributed to two qualities in particular 
which he possessed in an unusual degree 
—his great power of mental concentra- 
tion, and his ability to foresee scientific 
truths before he demonstrated them. 
With regard to the latter, all the greatest 
scientists seem to have been able to reach 
conclusions by a kind of intuition. 

The character of Newton was a mix- 


ture of strange and often contradictory 
qualities. He did his work for his own 
satisfaction and published it only when 
his friends bullied him into action—prob- 
ably, in Professor Andrade’s opinion, be- 
cause it always seemed that publication 
involved him in subsequent controversy 
which he loathed. He was unjust in with- 
holding credit to others for their previous 
work (this resulted in bitter disputes with 
Robert Hooke and the Rev. John Flam- 
steed, Astronomer Royal), but was gener- 
ous and kindly to young scientists with 
whom he came in contact. He was irrita- 
ble and overbearing, a difficult man who 
shunned society, yet even when famous 
he gladly mixed with country friends of 
his youth. He was devoted to his mother, 
constituting himself her nurse in her last 
illness. 

If the note of adulation is sounded 
very often in this book, the reader should 
realize the pinnacle on which Newton 
was set even in the opinion of his con- 
temporaries. It was expressed in Alex- 
ander Pope’s couplet, 

Nature and Nature’s laws lay hid in 

night: 

God said, “Let Newton be!” and all 

was light. 
E. RUSSELL PATERSON 
Sir George Williams College 
Montreal, P. Q. 








NEW BOOKS RECEIVED 


THE LAYMAN, James A. 
Wilhiam-Frederick. Press. 


RELATIVITY FOR 
Coleman, 1954, 
131 pages. $2.75. 

The author, who is professor of physics 
at Connecticut College, presents in simple 
language the background of relativity, the 
content of the theory itself, and the observa- 
tional and experimental proofs of relativity. 


FIELD Book oF THE Skies, William T. Ol- 
cott, revised by R. Newton Mayall and 
Margaret W. Mayall, 1954, Putnam’s. 482 
pages. $5.00. 

This is the fourth edition of a well-known 
handbook for the amateur astronomer that 
first appeared in 1929. Intended for the ob- 
server with a small telescope, field glasses, 
or the unaided eye, the book gives star maps 
and lists of telescopic objects for individual 
constellations visible from north temperate 
latitudes. There are maps of the moon and 
descriptions of its more conspicuous fea- 
tures. 


ASTRONOMY IN THE UNIVERSITY OF ToRON- 
To, C. A. Chant, 1954, University of Toron- 
to Press, Toronto 5, Canada. 66 pages. $2. 
paper bound. 

The foreword by Sidney Smith states, 
“This little book is a chapter in a full au- 
tobiography of Professor Chant which we 
hope will soon be published.” It tells the 
story, beginning with a tour of inspection 
to American observatories in 1905, that led 
to the opening in 1934 of the David Dunlap 
Observatory with its 74-inch reflector. 


HIMMELSWUNDER IN FELDSTECHER, Rudolf 
Brandt, 4th edition 1954, Johann Ambrosius 
Barth, Salomonstr. 18 B, Leipzig C 1, Ger- 
many. 119 pages. DM 3.75, paper bound. 

The Wonders of the Sky in a Field Glass 
is a small manual in German, for amateur 
astronomers, that tells how to select and 
test field glasses, and what they will show 
of the sun, moon, planets, double stars, clus- 
ters, and nebulae. There are lists of objects 
and finder charts. 


196 Sky aND TeELescope, March, 1955 


Tue Osserver’s HANDBOOK FOR 1955, edited 
by C. A. Chant and Ruth J. Northcott, 1954, 
Royal Astronomical Society of Canada, 13 
Ross St., Toronto. 78 pages. 50¢, paper 
bound. 

The Observer's Handbook, now in its 47th 
year, contains tables for the rising and set- 
ting of the sun and moon; a list of the as- 
tronomical phenomena for each day of 1955; 
predictions for Jupiter’s satellites and for 
lunar occultations; tables of data on planets 
and satellites; lists of stars, clusters, nebulae, 
and galaxies; together with other useful as- 
tronomical information. 


DEVELOPMENT OF THE GUIDED MISSILE, Ken- 
neth W. Gatland, 2nd ed:tion, 1954, Philo- 
sophical Library. 292 pages. $4.95. 

Mr. Gatland is a British aircraft design 
engineer and writer on rocketry. Following 
an account of rocket motors and propellants, 
he takes up detailed descriptions of antiair- 
craft missiles, air-to-air missiles, guided 
bombs, and long-range rockets. Three chap- 
ters deal with rockets for high-altitude re- 
search, space satellites, and interplanetary 
flight. 

There are numerous photographs, and 
many tables of numerical data. An appendix 
lists the characteristics of 140 powered mis- 
siles. While this book can be read with 
profit by the interested layman, the refer- 
ences to rocket literature and the numerous 
engineering details should make it useful to 
the specialist as well. 


THE MATHEMATICAL PRACTITIONERS OF 
Tupor AND Stuart EnciLanp, E. G. R. Tay- 
lor, 1954, Cambridge University Press. 443 
pages. $9.50. 

This work deals with the history of 
science in England from 1485 to 1714. The 
term “mathematical practitioner” includes 
astronomers, instrument makers, navigators, 
surveyors, and map makers, as well as 
writers on and teachers of mathematics. 
Biographical sketches of 582 of these men 
are given, and descriptions of 628 books 
written by them. 





UNITRON 


You really surprised us! Our mailbag has 





been bulging with wonderful name sug- 
gestions for our new Rotary Eyepiece Se- 
lector. While it wasn’t our intention to 
formalize this irito a contest, we have been 
flooded with “‘entries,’’ and do not need 
any more. We're carefully considering each 
suggestion—and we'll have a name soon. 

Here are some of the comments which 
accompanied the proposed names. Some of 
the names themselves will be published next 
month. 

“| wish you’d stop advertising. It has 
gotten to the point where the first thing | 
look at is the UNITRON advertising. Being 
a college student, therefore broke, | have to 
be content with drooling over telescopes | 
can’t afford at the present time.”’ 

E.N.Y., Albany, Minn. 

“‘My budget won't permit such an instru- 
ment as a UNITRON. But | could not help 
finding interest in your ad in the January is- 
sue. | do not even know whether | am eligi- 
ble to suggest a name for your revolving 
eyepieces, but here are a few that come to 
mind . . . an ATM can always use a good 
piece of optical equipment.”’ 

V.B.R., Spokane, Wash. 

‘l think the Rotary Eyepiece Selector will 
be a great addition to a telescope.” 

F.H., Jr., Ephrata, Pa 
. a wonderful accessory .. .” 
G.E., Quebec, Canada 

“Received my magazine, and that honey 
of a 6” on the back cover smacked me 
right in the eye . . . Reading further, | saw 
your fine idea for a multiple eyepiece selec- 
tor.”’ R.F.L., Manitowoc, Wisc. 

“My 3” UNITRON has made a refractor 
fan out of me. It’s a dandy little instrument 
and precision-plus right to the edges . . 
I'm watching the 6” Refractor with intense 
interest...” M.A.S., Escondido, Calit 

“That Rotary Eyepiece Selector is a won- 
derful idea.’ 

S.E.P., Truth Or Consequences, N.M 

“| have noticed with great interest the 
development of your forthcoming instru- 
ments and accessories, and would appreciate 
it very much if you would keep me posted 
on all the latest information .. .”’ 

R.L.K., Brockport, N.Y 

“Il wish to congratulate you on the su- 
preme quality of your telescope. The college 
which | attend has your 3” Equatorial .. . 
the quality and performance of this product 
is certainly excellent. | plan to buy one 
soon.”’ T.W.W., Huntington, W. Va. 

‘| find your interesting and informative 
advertising a worthwhile part of Sky and 
Telescope, and look forward every month to 
see what new details you will be show- 
EEN P.L., Seattle, Wash. 

‘“‘We are very pleased with the new 
UNITRON we purchased just before Christ- 
mas ... We feel that the new Rotary Eye- 
piece Selector would be an additional im- 
provement that everyone would enjoy.”’ 

J.K.W., Charlotte, Mich. 
“| was pleased with your projected items 


for 1955 
W.A.M., Roselle Park, N. J. 


(See page 208 and the back cover) 









IMPORTANT NEWS for UNITRON OWNERS 


Orders are now being accepted for the new 


UNITRON “ROTARY EYEPIECE SELECTOR™ 


Every UNITRON owner will certainly 
want to add this valuable accessory to 
his telescope. With the Rotary Eyepiece 
Selector, you have 6 magnifications at 
your fingertips. There is no need to fum- 
ble for eyepieces in the dark. To change 
magnifications, merely rotate a new eye- 
piece into position while the object stays 
centered in the field of view. 

Other advantages of the Selector eas- 
ily come to mind. Suppose, for example, 
that through inaccurate tracking you 
lose the object under observation. Rotat- 
ing the wide field 40-mm. eyepiece into 
position converts your telescope into a 
giant view finder; center the object in the 
field of view and then rotate back to the 
higher powers. Assume you are observ- 
ing the region of the Orion Nebula. You 
will want to start with the lowest powers 
to look at the nebulosity and then grad- 
ually increase the magnification to study 
the Trapezium and the finer nebular de- 
tail. The convenience and speed with 
which such a sequence of observations 
can be made add much to your pleasure. 
Orders are now being accepted for de- 
livery at the end of March. Since the 
initial demand is certain to exceed pro- 
duction, we suggest that you write at 
once to reserve your Selector and there- 
by insure earliest delivery. Payment 
should not be sent until delivery time. 
Please address your order to Dept. RS. 


A complete set of eyepieces provides for 
every observing situation. The following 
accessory eyepieces are available for use 
with your UNITRON with or without 
the Selector: (K) 40 mm. @ $14.75; (K) 
12.5 mm. @ $6.75; (A.S.) 7 mm. @ $8.95; 
(O) 6 mm. @ $14.75. 





UNITRON Rotary Eyepiece Selector 


Complete with wooden case 
Shipped postpaid Only $24.75 





1. VIEW FINDER (As used on UNITRON 
2.4” Equatorial): 23.5-mm. (.93”) achro- 
matic objective, 6x eyepiece with crosshairs. 
Chromed brass tube. Mounting brackets with 
centering screws 


Only $8.50 postpaid 


2. VIEW FINDER (As used on UNITRON 
3” Refractors): 30-mm 1.2”) coated achro- 
matic objective and &x eyepiece with cross- 
hairs. Other details as in View Finder 3 


Only $10.75 postpaid 


SUN PROJECTING SCREEN APPARA- 
TUS: White metal screen with matching 
black metal shade. Chromed brass extension 
rod with mounting brackets 
Set with screen 6” x 6” 


Only $13.50 postpaid 


’ 


Set with screen 7” x 


Only $15.75 postpaid 
PHOTOGRAPHIC GUIDE TELESCOPE: 


62-mm,. (2.4”) diam., 700-mm,. (27.5”) focal 
length, coated, air-spaced, achromatic objec- 
tive. 78x (9-mm.) achromatized Ramsden 





eyepiece with crosshairs. Star diagonal. Du- 


Finder Scopes by UNITRON 


Modernize Your Telescope with a Precision View Finder! 


L. to R.: (1) 23.5-mm. 6x finder; (2) 30-mm. 8x finder; (3) 42-mm. 10x finder 


OTHER TELESCOPE COMPONENTS BY UNITRON 
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38. VIEW FINDER (As used on UNITRON 
4” Refractors) 42-mm,. (1.6”) coated achro 
matic al paced objective. 10x eyepiece with 
crosshairs. Duraluminum tube finished in 
white enamel Dewcap Furnished with 
mounting brackets with centering screws for 
collimation, This finder also makes an ex 
cellent hand telescope for spectacular wide 


of the sky 
Only $18.00 postpaid 


field views 


Deweap 
brackets 
Fitted 


3oston 


finished in white 
Rack-and-pinion focusing. Mounting 
ind centering screws for collimation 


wooden cabinet. Only $75.00 f.o.b 


raluminum tube 


EQUATORIAL MOUNTING and TRIPOD 





Complete with slow-motion controls for both 

declination and R. A., setting circles and 

verniers, and many other features. Write for 

complete description 

As used on UNITRON 38” Refractor $198 

As used on UNITRON 4” Refractor $370 
(These prices are f.o.b, Boston) 





204-206 MILK STREET, 
BOSTON 9, MASS. 

















3X ELBOW TELESCOPE 


Makes a nice low 
priced finder. Brand 
new; has 1” Achro- 


matic Objective 


ACHROMATIC TELESCOPE OBJECTIVES Amiel, Prism Erect 


ing 
These are perfect magnesium-fluoride coated and cemented Gov’t. Achromatic Eye 
surplus lenses made of finest crown and flint optical glass. They and = Field Lens 
are fully corrected and have tremendous resolving power. They Gov't. Cost $200 Lrg ae ge _ 
can readily be used with eyepieces of only 14” focal length, ) ¥ a IS 
thereby producing high powers. Guaranteed well suited for as- Plain Optics $9.75 — coated Optics $12.50 
tronomical telescopes, spotting scopes, and other instruments. 
Gov’t. cost up to $100 and more. 


Diameter Focal Length Each Diameter Focal Length Each FIRST SURFACE MIRRORS 
54 mm (2%”) 300 mm (11.811”) $12.50 83 mm (3%”) 660 mm (26”) .. $28.00 Size Thickness Postpaid 
54 mm (2%” 330 mm (13”) ... 12.50 mm (3%”) 711 mm - 1°” 4” — 
54 mm (2%”) 390 mm (15.356”) 9.75 838 mm (3%”) 762 mm v x 5” Y 1.85 
54 mm (2%”) 508 mm (20”) ... 12.50 83 mm (3%”) 876 mm (84%”) ... . P 1%” ee 
54 mm (2%”) 600 mm (23%”) . 83 mm (3%”) 1016 mm (40%) 
78 mm (8 1/16”)381 mm (15”) .... . 110 mm (4%”)* 1069 mm (42 1/16”) 60.00 
81 mm (3 8/16”) 622 mm (24%”) . 110 mm (4%”) 1069 mm (42 1/16”) 67.00 SMALL SPECIALIZED TELESCOPE 


*Not coated —, 


@  Woecan supply ALUMINUM TUBING for the above lenses. @ cm = 
8X ELBOW 7 x 50 MONOCULAR : —— 


. 
\ 
TELESCOPE \ 1% power, 5% inches long, solid brass con- 


struction, weight approximately 1 lb. Con- 
tains an objective lens, mounted Porro-Abbe 
erecting system and an achromatic eye- 
piece which was designed for good eye re- 
lief. Eye distance 4”. $4.50 





Of the same high quality as our binoculars. 6X BATTERY-COMMANDER 
Many observers find them ideal as rich-field PERISCOPE 
This telescope will make an exceptional finder. sky sweepers or as telescope finders. Brand 
Objective 52 mm diameter. Focusing eyepiece, new, coated optics, complete with genuine Made of brass. Has focusing eyepiece and 
turret-mounted filters, amber, red, neutral, and leather plush-lined carrying case and straps crossline reticle. Weight 3% Ibs., length 28”. 
lear. Illuminated cross-line reticle, quick-find 7 power; objective is 50 mm in diameter. Seueahd $15.00 
ing level sight, and large-size Amici prism $17.50 ostpaic 4 
Used ’ $18.50 Brand New $27.50 Geared mount and sturdy tripod for the above 


are available. Write for the low price. 
OPTICAL PEEP SIGHT - AN ECONOMICAL 
Use as a camera view finder and for simila 
purposes. The “welt sauadile i: a ialie-aue 4 EYEPIECE 40-POWER TELESCOPE 


reticle. There is no parallax for any distance. Thi : . 
The same principle is commercially used by 118 mounted eyepiece has . . 

shotgun-sight manufacturers. The diameter is f two perfect magnesium-fluo- With Tripod 

37 mm, Weight 1% oz. Gov't. cost $10.75. ride lenses 29 mm in diam- For stargazing and terrestrial use. It gives 


Gur price . : ... Postpaid $1.00 : eter. It is designed to give an upright image. Large coated achromatic 

i, f = eye — « _ — objective 60-mm diameter. Tripod constructed 

t effective oca ength o of wood with brass extension tubes. Tube 22” 

aoe e-em Rca — Le | 1%” (8x). when closed, 56” fully extended. Swivel mount 
wonderfu tov't. Surplus buy o sens | sad : . : . 

Paper which was made to the highest || The eyepiece cell fits a 1%” tube . $4.50 can be locked in any position. $39.75 

Gov't. standards and specifications 


“er gs, | MOUNTED EYEPIECES 


. SUPERIOR QUALITY 
WIDE-ANGLE . os SUPERIOR WORKMANSHIP 


EYEPIECE , C—O THEY CAN’T BE BEAT! 


cei Te ms i ok ecision war surplus lenses 
Known among amateurs as the ‘‘Giant We have a large stock of precision P f 117,” 
Jaegers’’, this is the finest wide-angle eye- is and have mounted them in precision mounts of 11% 
piece ever made. It gives a flat field. It is \ outside diameter, the standard for telescopes. Result! 
mounted in # focusing cell. This is an Erfle : You would pay several times more elsewhere. Our prices 
eyepiece, 1%” effective focal length, with a nen’t be by 
clear aperture of 2 8/16”. It may be used as cant be beat. 


a Kodachrome viewer, magnifying seven 12.5 »”) F.L. symmetrical eyepiece 
times contains twe cemented achromats. tains cemented achromat and a non-achro- 


, Coated lenses $6. Not conte y matic jens. 

on vee ? $ “a ' pai as - Coated lenses $6.75 Not coated $6.00 

BRAND NEW COATED 1%” E.F.L. wide- 16 mm (%”) F.L. extra wide angle Erfle 32 mm (1%”) F.L. eyepiece contains two 

angle eyepiece. Contains 3 perfect achro- contains five lenses achromatic lenses. 

mats. Aperture is 1-3/16”. (MItustrated) Coated lenses $13.50 Not coated $12.50 Coated lenses $13.50 Not coated $12.50 
$13.50 16 mm (%”) F.L. triplet eyepiece contains a 35 mm (1%”) F.L. symmetrical eyepiece con- 

three-element lens ¢ d a simple lens. tains two cemented achromats. 


| ‘*‘MILLIONS’’ of Lenses, etc. Coated lenses $13.50 Not coated $12.50 Coated lenses $8.75 Not coated $8.00 





22 mm (27/32”) F.L. Kellner eyepiece con- 





Free Catalogue 55 mm (2 3/16”) F.L. Kellner eyepiece con- 
18 mm (%”) F.L. symmetrical eyepiece con- tains achromatic field lens and a non-achro- 
tains two cemented achromats, matic eye lens. 


We p the POSTAGE C.0.D.'s yo ay 
. pay ewes Coated lenses $6.75 Not coated $6.00 Coated lenses $6.75 Not coated $6.00 


postage. Satisfaction guaranteed or money re- 
funded if merchandise returned within 10 days. 


A. JAEGERS wWroncox xv 
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GLEANINGS FOR ATM’s 


EDITED BY EARLE B. BROWN 


Nores on Basic Optics—NII 


M. Aberrations of Lenses 

Our January discussion of lenses can 
be extended to take up the finer proper- 
ties of lenses, and to show why optical 
design is difficult and laborious. We had 
derived the rather simple Equation 26, 
which gives the focal length of a lens 
in terms of the radii of its surfaces and 
the refractive index of the glass. ‘This 
formula works very nicely if the condi- 
tions we stipulated are met—all the light 
rays lie very close to the optical axis and 
are nearly parallel to it. This amounts 
to a pinhole-sized aperture, with object 
and image points on the axis. If lenses 
behaved according to this equation for 
large apertures and for points off the axis, 
lens design would be absurdly simple. 

In our ray tracing in the last install- 
ment, Equations 16 to 19 were derived by 
strict application of trigonometry to a 
curved refracting surface, and they rep- 
resent the exact performance of such a 
surface. These are the equations that tell 
us what a ray of light really does. As the 
aperture and field of view of an optic al 
system approach zero, the imagery ap- 
proaches that described by Equations 
l6a through 19a. 

Hence we may speak of the ideal im- 
agery described by the latter, simplified 
equations, and the actual imagery de- 
scribed by the exact equations. The differ- 
ence between the results of the two sets 
of equations is the aberration of the 
system. 

In the ideal imagery all rays from a 
given object 
united at one image point. The actual 
rays fail in general to do this, and each 
type of failure to meet the required image 
point is a specifi aberration. 

If we try to combine the exact equa- 
tions for two. refracting surfaces in 
series, an unmanageably complex equa- 
tion results. For more than two surfaces 
it would be hopeless. Hence we are forced 
to an indirect method for designing com- 
plicated optical systems. First we arbi- 
trarily choose kinds of glass and radii 
of curvature, and compute from the exact 
equations how the rays actually come out. 
Comparison with the simplified equa- 
tions tells what the aberrations are. We 
then go back and make another slightly 
different choice and try again. Thus by 
trial and error we can arrive at an ac- 
ceptable design. For a simple lens, such 
as a telescope objective, this is not a 
difficult process, but for a complex system 








Fig. 40. Spherical aberration. 


with a dozen or more surfaces it becomes 
quite involved. Of course, when we make 
changes for a new trial, past experience 
and a knowledge of the probable effect 
of such changes helps a lot. 


1. Spherical Aberration. First con 
sider an object point and image point 
on the optical axis. There are two aber- 
rations that affect axial image points: 
spherical aberration and chromatic aber 
ration. 

The only ditterence between the actual 
and the simplified ray-tracing equations 
is that the latter assume the sine of an 
angle to be equal to the angle itself 
(measured in radians). This is very nearly 
true for small angles, and the difference 
is only one per cent at 15°. However, as 
the angle gets larger, the disparity be- 
tween angle and sine increases, and the 
actual ray departs more and more from 
the ideal ray. This is shown in Fig. 40 
for a positive refracting surface. The 
farther an incident ray is from the axis, 
the closer to the lens is the intersection 
of the refracted ray and axis. 

We draw the paraxial image plane 
through the point P, where the simplified 
equations tell us that rays very close to 
Now, the amount 


the axis are focused. 


by which each ray falls short of the par- 








Complete Telescopes 


6” as illustrated $660 

Supplies 

Ramsden 

Evepieces 
$6.15 postpaid 
Eyepiece and 
Prism Holders 

Mirror Cells 

Finders 

Equatorial 

Mountings 

$100 up 

Prisms 

| Irite for 

cms price list 
Cc. C. YOUNG CO. 


25 Richard Road, East Hartford 8, Conn. 











Everything for the 
AMATEUR 
TELESCOPE MAKER 


FREE 


Send for Price List and Catalogue 
e LOW PRICES e 


ALUMINIZING 

Reflecting Surface, Fine 

Blister 
Mirrors 


Superior Finish, 


Will not Peel or 
Prisms | 


Mirrors 
Eyepieces Tested Made 
Accessories Free To Order 
We have been supplying amateurs 
for over 33 years. 


Precision Optical Supply Co. 


1001 E. 163rd St., New York 59, N. Y. 








point are eventually re- 


WE HAVE IN STOCK for immediate delivery 
the best eyepiece ever produced for astronom- 
ical and scientific work, with the following 
characteristics: 

1. Four-element design giving a flat, beautiful- 
ly corrected field of 50° covering more than 
160 per cent of the area of the conventional 
Ramsden for the same power. This eyepiece is 
a “must” for RFT work. 

magnesium 
light 


2. Precision optica) elements, 
fluoride hard coated, increasing the 
transmission approximately 10 per cent. 
3. Simple take-down for cleaning. 


4. Precision metal parts black anodized for 
anti-reflection and ground to 1%” O.D. 


5. Clean mechanical design permitting com- 
fortable observation and ease of focusing 


These eyepieces are produced in 4 mm., 8 mm. 


These objectives are supplied with cells 





IC OCULARS 


,16 mm., and 32 .0m. effective focal lengths only. 


ASTRONOMICAL OBJECTIVES 


and rigidly tested on double stars for resolving power before being sold. 
Unconditionally guaranteed 


CHESTER BRANDON 


Price postpaid, $15.95 each 


WE CAN SHIP from stock quality astronom- 
ical objectives with the following features: 

1. Superior optical design utilizing a larger 
air separation. Color corrected on C and F 
and hand corrected on spacing to reduce resid- 
uals to a minimum, Completely free of coma 
2. Glass-air surfaces magnesium fluoride 
coated, increasing light transmission approxi 
mately 10 per cent. 
3. Quality optical 
and held to one ring test plate match. 


glass precision annealed 
4. Cell made to precision tolerances and suit 
ably coated to prevent stray light reflections 
Each cell engraved with effective focal 
length and serial number 
These objectives are supplied as follows: 

3” C.A. 45” E.P.L. $ 62.00 

4” C.A, 60” E.F.L. $138.00 


Immediate delivery 
California residents, add 3% sales taa 
Box 126, Montrose, California 
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MAKE A PROFESSIONAL 
Astronomical or Terrestrial 
TELESCOPE for as little as $13 


NO NEED FOR MONTHS 
OF TEDIOUS GRINDING! 


Telescope success assured 
5” Telescope Mirror 
67” F.L., Ground, Polished, 
Aluminized, only $13.00 
Overstocked—Selling Out—Special 
Our regular 5” Aluminized Telescope Mir 
rors. 67” f.1. 1” blank, crown glass. Regular 
$17.00, while they last swe 
ONLY $13.00 plus $1.00 P.P. 


cm 
Own a GENUINE DIAMOND 
ONLY $3.00 


You can easily own a real diamond. Not a 
chip or piece. A whole natural GENUINE 
OCTAHEDRAL DIAMOND. 

Set securely in an aluminum holder (4” 
hexagon, 6” long) this gem becomes a re- 
markable TOOL. It never wears out. Dia- 
mond is the hardest of any known material 
(Moh’s seale 10). Writes, engraves, cuts, 
scribes, scratches, and marks every other 
known element. Easy to cut glass or mark 
hardest steel, ceramics, or minerals. 
Everybody should. now everybody can, own 
at least one diamond. Buy several at this 
ridiculously low price of only $3.00 each 
postpaid. Limited time offer. 

@ 








e 
50x Achromatic Telescope 
Eyepieces 
Improved MHastings-Ross Formula. 1/5” 
(6 mm.) e.f.1. cemented triplet (solid) posi- 
tive type. Highest light transmission through 
minimum glass thickness. Medium wide field, 
sharp to the very edge. Excellent color cor- 
rection. Mounted in non-reflecting cap of fall- 
away type. O.D. 14%” Each $15.50 
Also 1” e.f.1. (10x) Same . fake . $10.50 


* e 
Hand Telescope Cradle 


Holds every make and size of hand telescope. 
A money-back guarantee protects you. Fits 
any photo panhead, tripod or tripod acces- 
sory. On or off in seconds. NO TOOLS RE- 
QUIRED. Simplicity itself in use and attach- 
ment. Nothing to wear. Telescope can be re- 
moved to safety in seconds and reset again 
in seconds. On boat, lake front, country 
lodge, seashore or mountaintop makes the 
very highest powered telescope easy to use 
without shaking. Improves seeing by 100% 
or more, Reduces fatigue 

Telescope cradle ’ 





. $4.00 





Barlow Lens 
Cemented Achromat—American Made 
Our excellent new formula allows for high 
power with little loss of light and no loss of 
definition. These are unmounted, uncoated 
lenses you will find simple to use with any 
ocular. Back focal length 44.68 mm. 
(1.759”) from deeper concavity. Diameter 
(clear) 26.00 mm. (1.0235”). E.F.L. 44.15 
mm. (1.738”). Magnification factor up to 8 
times. Strictly limited supply at our startling 
low price of ONLY $9.00 plus 25c P.P. 
& o 
Books on Astronomy 

General Astronomy, third edition, by Sir 
Harold Spencer Jones, Astronomer Royal of 
Great Britain. 456 pages with 32 plates and 
115 diagrams. Price $6.00 plus 25c P.P. 
A Treatise on Astronomy, sixth edition, by 
the late Hugh Godfray of St. John’s CoHege, 
Cambridge University 320 pages 

Price ite $2.50 plus 25c P.P. 
New Handbook of the Heavens, revised, the 
best guide to the stars for the amateur. 272 
pages, 66 illustrations 65c postpaid 

Catalog—Complete—$1.00, deductible 
from first $10.00 of material purchased. 
F.O.B.N.Y. Include Postage - Remit with Order 
No open accounts — No C.O.D. 


HARRY ROSS 
TELESCOPES | MICROSCOPES 


Scientific and Laboratory Apparatus 
70 West Broadway, Dept. ST-3D 
New York 7, N. Y. 











axial image plane is called the spherical 
aberration of that ray (strictly, the longi- 
tudinal spherical aberration). If the ray 
falls to the left of the paraxial image 
plane, the spherical aberration is positive 
in sign, and the surface is undercor- 
rected; if the ray falls to the right, the 
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Fig. 41. Negative spherical aberration. 


spherical aberration is negative, and the 
surface is overcorrected. Fig. 41 shows the 
case of a negative refracting surface, and 
the aberration is negative. 

We could compute the shape of a 
single refracting surface that would have 
no spherical aberration for a given ob- 
ject point, but the aberration would not 
be zero for other object points. For off- 
axis object points such a surface would 
be particularly objectionable. In modern 
lens design, however, nonspherical lens 
surfaces are often used to correct spher- 
ical and other aberrations. Parabolic sur- 
faces, in particular, are frequently used. 

The spherical aberration given by an 
optical element can be either positive or 
negative, depending on the positions of 
the object and image points. Obviously, 
a lens system can be corrected for this 
aberration by combining surfaces of posi- 
tive and negative curvature so that their 
separate contributions to the spherical 
aberration add to zero. In general, we 
cannot bring all the rays to an exact 
focus; the best that can be done is to 
minimize the departure from perfection. 

Equation 26 gave the focal length of a 
thin lens in terms of its refractive index 
and the radii of curvature of the lens 
surfaces. We can rewrite this as: 

f (n — 1) (c, — CQ), (26a) 
where c l/r, and is called the curva- 
ture of the surface. Clearly, we can re- 
distribute the curvature between the two 
surfaces without changing the focal 
length. Thus, all the lenses in Fig. 42 
have the same focal length, but different 
distributions of curvature. This proce- 
dure, called “bending” a lens, is the most 
powerful means for correcting spherical 
aberration. 


2. Chromatic Aberration. The second 
type of aberration which affects axial 
images is chromatic aberration. This 
arises from the fact that the index of 
refraction is not the same at all wave 
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Fig. 42. Lenses of equal focal lengths. 
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lengths. Therefore, the focal lengths tor 
difterent colors of light are different. As 
a result, a simple lens will give images 
for each color distributed along the op- 
tical axis, the violet image nearest the 
lens, the red image farthest away. When 
we look at an image of a star made by 
a lens which is uncorrected for chromatic 
aberration, we see a central core formed 
of the color that happens to be in focus, 
surrounded by a halo of the other colors 
which are out of focus. 

Since chromatic aberration comes from 
a property of the glass itself, it cannot be 
corrected by varying curvatures or thick- 
nesses. The only way is by combining two 
or more kinds of glass. The difference 
between the refractive indexes for two 
different colors of light is called the dis- 
persion of a particular kind of glass. By 
combining a positive lens of low disper- 
sion and a negative lens of high disper- 
sion, an achromatic lens results. In gen- 
eral, glasses with high refractive indexes 
have high dispersions, and low indexes go 
with low dispersions. Were the disper- 
sions of all glasses exactly proportional 
to their indexes, any attempt to correct 
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TRIPLES ‘SCOPE 
PERFORMANCE! 


Sharper images at higher powers! 
A startling statement positively 
proven in 16-page telescopic educa- 
tional matter sent free on receipt of 
self-addressed long envelope _bear- 
ing nine cents (9c) return postage. 


First, the Goodwin Resolving Power lens 
placed in front of eyepiece gives three 
times the magnification on each by 
lengthening your primary focal length 
angle up to three times, yet extends eye- 
piece out no more than two inches from 
normal. This alone sharpens definition. 


Next, by achieving your highest powers 
on more comfortable low-power eye- 
pieces, you lessen image deteriorations 
due to short-focus acute bending of the 
convergent beam, since all usual eye- 
pieces are f/1 or less. 











Third, you get greater illumination and 
wider field by relieving tiny aperture 
restrictions of higher-power eyepieces. 
The Resolving Power lens is achro- 
matic, coated, gives flat field sharp to 
the edge. Here is astonishment! Price 
$17.50 in 4” long adapter tube fitting 
standard 11/,” eyepiece holders ONLY 
(but adaptable to Unitrons only. State 
if Unitron). Money back if not posi- 
tively thrilled after two weeks trial! 


No COD’s — Colleges and Observa- 


tories may send purchase order. 


FRANK GOODWIN 
345 Belden Ave., Chicago 14, Ill. 


























ASTROLA, MODEL “A” 
6-inch, 72x-180x-315x $295. 
Model ‘‘A’’ with clock drive 
(illustrated above) ... $365. 


ASTROLA, MODEL ‘‘B” 
8-inch, 84x-210x-360x $375. 
With clock drive .... $445. 


ASTROLA, MODEL ‘“‘C’”’ 
10-inch, 65x- 1 20x-285x-480x. 
Complete 


ASTROLA, MODEL ‘“D” 
12 - inch, 80x-150x-355x- 
600x. Complete .... $1050. 


ASTROLA, MODEL ‘“E”’ 


16-inch, five oculars from 85x 
to 700x. Complete .. $1850. 


All prices F.O.B, our plant, 
Long Beach, Calif. 


ASTROLAS without mount- 
ings as above and consisting of 
all optics, tube, cell, spider, 
rack-and-pinion focuser, find- 
er, oculars, painted and as- 
sembled ready to use except 
for equatorial mounting: 


MODEL “A”’ $ 197.50 
MODEL ‘“‘B” .....$ 260.00 
MODEL “C” $ 405.00 
MODEL ‘“D”’ $ 595.00 
MODEL “E” $1065.00 


ASTROLA 


Reflecting Telescopes 


AMERICAN MADE 


For the Amateur Astronomer, and for schools and colleges requiring 
telescopes of excellent performance, rigid construction, and portability, 
the ASTROLA Models ‘‘A”’ and “‘B”’ readily fulfill all requirements. 
ASTROLA Models “‘C’’, ‘‘D’’, and ‘‘E’’ meet all the needs for the finest 
quality, large permanent instruments in advanced observing and re- 
search in astronomy. 


The 6-inch Model ‘‘A’’ and 8-inch Model ‘‘B’’ may be obtained 

: either with cr without synchronous 

electric clock drives and setting cir- 

cles. They are equipped with three 

of the very finest orthoscopic ocu- 

lars, rack-and-pinion focuser, 8 x 38 

achromatic finder with crosshairs, 

strapless detachable tube-saddle 

construction. Beautifully finished in 

black crinkle on mounting and sat- 

in-white scratch-resistant tube with 

black trim. Optically they contain 

our finest pyrex | /8-wave parabolic 

mirrors and pyrex elliptical diago- 

nals—your guarantee of their su- 

perb performance and Dawes’-limit 
resolution. 


Models ‘“‘C’’, “‘D’’, and “E”’ all 
have rotating tubes, rack-and-pin- 
ion focusers, four orthoscopic ocu- 
lars (five on Model ‘‘E’’). All have 
heavy synchronous electric drive, 

Models “C’’, “‘D”’, and “E” large setting circles, large finder. 


PARABOLIC TELESCOPE MIRRORS AND FLATS 


Our aluminized parabolic mirrors and diagonal elliptical flats 
are widely accepted and used by many of America’s foremost 
observers. Superb definition and Dawes’-limit resolution guar- 
anteed. 


-o. 2 


> 


F/8 mirror and diagonal aluminized, quartz coated, corrected to 
1/& wave. Other focal ratios slightly higher: 
6” ... $60.00 So” ... Faw 10” ... $160.00 
12Y¥a” ... $270.00 16” ... $485.00 


CAVE OPTICAL COMPANY Focusers, cells, spiders, and finders sold sepa- 


4137 E. Anaheim, Long Beach 4, Calif. rately. We specialize in refiguring imperfect mirrors. 
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PYREX Reflecting Telescope Kits 


The most complete kits on the market 
In addition to the usual supply of abra- 
rouge, ete., you get the new fast- 
polishing cerium oxide to save hours of 
work. You can get a brass diagonal holder 
(spider) for only $1.00 additional if ordered 
with a kit, Prices are for a Genuine Pyrex 
telescope blank and a plate glass tool. 
Diameter Thickness Price 
41,” y,” $ 5.60 
6” 1” ‘ ‘ 
8” 114” $11.00 
10” 134,” $19.00 
1214” 2,” $35.50 
PRISM. .614” long, 17%” face 
PRISM. .51,” long, 114” face 
Postage Paid to Ist and 2nd postal zones from 
N. Y. Add 5% 83rd and 4th zones, 10% 5th 
and 6th zones. Add 15% Tth and 8th zones. 


Send for free catalog of optical supplies, 


DAVID WILLIAM WOLF 


74 Hunnewell Ave. Elmont, L. I., N. Y. 


sives, 

















When You Start That New Mirror 
USE CYCAD OPTICAL PITCH 
FOR POLISHING! 


Cycad pitch and beeswax are tested, fast 
lap-polishing materials, They are twice as 
fast as customary materials, and give rugged, 
reliable laps. Save your time and effort in 
polishing for craftsmanship and precision 
working—don't wear yourself out using slow, 
ineffective methods, 
OCycad pitches are of demonstrated effective- 
ness. Members of the Phoenix Observatory 
Association polished a 24-inch pyrex mirror 
and figured it to perfection in 43 hours, us- 
ing & subdiameter soft Cycad lap. 
Hard or Soft Cycad Pitch $2.10 
per pound 
$2.65 
per pound 
Folder available; all prices delivered U.S.A. 


CYCAD PRODUCTS 


Box 51, Crystal Lake, Illinois 


Optical Cycad Beeswax 














BUILD YOUR OWN 
TELESCOPE 


KITS: Complete with instructions, high 
quality materials, supplied at low prices. 


Plate—$4.50 up 
MIRROR CELLS 


Made of light, sturdy 
aluminum, they fur- 
nish an ideal method 
of securing the mir- 
ror to the tube. They 
are spring adjusted to 
absorb shocks and cut 
away for ventilation. 


6”-$7.00 8”-$11.50 
10”-$35.00 


EYEPIECE ATTACHMENT 
WITH RACK AND PINION 


Pyrex—$5.75 up 


Takes standard 114” 
O.D. eyepieces. Rack 
and pinion smoothly 
machined from solid 
aluminum castings. 
Precisely fitted for 
smooth performance. 
Main tube is 1%” 
long; sliding tube 
adds 2”; total move- 
ment 3%”. Your 
choice of gray or 
black crinkle finish. 

$15.50 


Prisms Lenses 
Mirrors ground to your order. 


Aluminizing—with the new 
Quartz Coating 


Satisfaction Guaranteed 


Write for Free Catalog 


GARTH OPTICAL COMPANY 
G. P. O. Box 954 New York 1, N.Y. 


Eyepieces 








chromatic aberration would result in a 
lens of zero power. Fortunately, a differ- 
ence in index of 10 per cent is usually 
combined with a difference in dispersion 
of the order of 30 per cent. Hence a weak 
negative lens and a strong positive lens 
can be combined to give an achromatic 
lens with net positive power. 

Fig. 43 illustrates the chromatic aberra- 
tion of a positive lens. If the violet focus 
is to the left of the red focus, the chro- 
matic aberration is positive; if the reverse 
is true, the aberration is negative. The 
terms undercorrection and overcorrection, 
with reference to chromatic aberration, 
mean positive and negative aberrations, 
respectively. 

\ combination of positive and negative 
lenses of different kinds of glass will, in 
general, bring only two specific wave 
lengths to the same focus; the rest of the 
spectrum is still spread out along the 
axis. However, this spread is much less 
than if the chromatic aberration were 
uncorrected, and for most purposes this 
degree of correction will suffice. The 
spread of the colors along the axis which 
remains after two specified colors have 
been brought to a common focus is the 
secondary spectrum. As a general rule, 
three kinds of glass are needed to bring 
three colors to the same focus. A lens of 
this construction is known as an apo- 
chromatic lens; it is a type widely used 
in photography and in microscopy. 

(To be continued) 


A HINT FOR TELESCOPE USERS 


Cleaning Mirrors. The aluminum coat- 
ing on a mirror is indeed soft, and would 
be badly scarred if rubbed with dry ab- 
sorbent cotton. An oft-laundered bath 
towel or face cloth is freer from minute 
particles of grit or bits of lint. The cloth 
should be washed again just before use. 

Take the mirror out of its cell. Prepare 
a mild solution of Dreft or a similar de- 
tergent. Dip a tuft of the cloth into the 
solution and, holding the mirror on edge, 
gently rotate the tuft on the mirror sur- 
face without applying any pressure. Af- 
terward, with the mirror still on edge, 
rinse off the cleansing solution with dis- 
tilled water poured onto the top of the 
mirror. Distilled water is best, but if tap 
water must be used, professional opti- 
cians add to it a wetting agent (such as 
used in photographic darkrooms) to avoid 
leaving a mineral residue. 

If there are a few streaks or water 
droplets after rinsing, they can be taken 
off with a dry tuft of the cloth, applied 
without pressure. Gentle use of the cloth 
is necessary throughout the process to 
avoid scratches from airborne grit. 

Frequent cleaning is unnecessary if 
dust is prevented from settling on the 
mirror. If you have a portable reflector 
whose tube is taken indoors when not 
in use, store it in a dry closet upside 
down, with the mirror end on top. 


FRANK L. GOODWIN 


345 Belden Ave. 
Chicago 14, II. 
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OPTICAL FLATS 


Pitch Polished, Beral Coated. 

Rectangular shape 

1%” x 1%” 

% wave $1.75 ea. 

% wave $4.50 ea. 

Postpaid. 

Elliptical shape 
Heavy edges to minimize 

temperature effects. 

1%” minor axis. 

% wave $4.00 ea. 

4% wave $6.50 ea. 

Postpaid. 

BERAL COATINGS—same optical character- 
istics as aluminum mechanically more 
durable — not overcoated — may be removed 
without harming glass surface. Prices for Beral 
coating telescope mirrors: 4” diam.-$2.75, 
6”-$3.50, 8”-$4.50, 10”-$6.50 and 12%”-$9.75 
each, f.o.b. Skokie. 


LEROY M. E. CLAUSING 


8038 MONTICELLO AVE. SKOKIE, ILL. 


$¢¢¢¢ DELUXE PYREX ¢¢¢¢¢ 
Reflecting Telescope Kits 


Our kits have PYREX mirror blank, 
PYREX tool the same thickness, am- 
ple supply of optical quality abra- 
sives, fast polishing cerium oxide, red 
rouge and pitch. Packed in metal cans. 
Size Thickness Price 
414” 3” 
6” ig 
8” 1,” 
10” 134” 
124” 246” 
ADD POSTAGE: ist and 2nd postal zones 
from Detroit, add 5%; 3rd and 4th, add 
10%; 5th and 6th, add 15%; 7th and 8th, 
add 20%. Or we will ship C.O.D. 
ASHDOWNE BROS. 
18450 Grand River Detroit 23, Michigan 
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THE MARK III 


Sidereal Telescope Drive 


Bodine Synchronous Motor, Auto- 
matic Clutch, Automatic Sidereal 
Time Circle requiring no calcula- 
tion for location of objects, R.A. 
Indicator, Sidereal Time Indicator, 
Lifetime Quality, Precision Fabri- 
cation. 





Ramsden Eyepieces 
Declination Circles — Hour-Angle 
Circles 
Write for price list 
H & W OPTICAL CO. 
622-C Way, Calif. 


Venice Inglewood 3, 





ASTRONOMICAL 
OBSERVATORY DOMES 


ASTRO-DOME 
Installation No. 183 


Elmendorf Air Force Base 
Alaska 


ASTRO-DOME 


Manufacturing, Inc. 
1800-06 Wallace Ave., N.E., Canton, Ohio 
Telephone: Canton 3-2142 























EXPERIENCES OF A 13-YEAR-OLD 
TELESCOPE MAKER 


HEN I first got my 6-inch kit the 

mirror disk was not ground 
smooth. I had to get a 12” by 12” piece 
of plate glass }” thick and grind the two 
pieces of glass together until the disk 
was smooth. Then I mounted the 6” tool 
on a nail keg which was stuck into a 
large bucket of tar. 

Next I put some wet No. 80 carborun- 
dum on the tool. One trouble was I 
couldn't test the glass disk without add- 
ing water all the time. Finally I had al- 
most the desired focal length, and then 
could use smaller grades. The last was 
No. 750 carborundum. With a better test- 
ing method I found a large deep hole. 

I went on to fix a pitch lap which 
failed every time. ‘Then I decided to use 
a honeycomb foundation, with a_ six- 
pointed imprinted star in the center. 
After polishing for 30 minutes I tested 
the mirror and found rings. I had to 
smooth off the lap and put more honey- 
comb on. After polishing for a while I 
found another small hole about the size 
of a half dollar. I put a small star in 
the center. The next test showed that I 
had polished too much and had made a 
hill. I started all over again. Finally I 
tested it again and found rings that were 
shallow. After a new lap they were cor- 
rected. 

Next I sent the polished piece of glass 
to be coated with aluminum, and at the 
same time I ordered the prism and an 
eyepiece. | made a square wooden tube 
and mounted a small finder on it. When 
the mirror came back, I fitted it in the 
tube, and put the prism and eyepiece in. 
Then I mounted the whole telescope on 





a 2” water-pipe mounting which was 
stuck into the ground. The focal length 

is 50” and the highest power is 200. 
This telescope took me 10 months to 
make in my spare time. I was 12 years 
old when I started and 13 when I fin- 
ished. JOHN EVANS 
200 Mill St., Salem, Ind. 


¢ 





A Complete Professional 


ELESCOPE 





Better Brighter Images 





aluminize your reflectors 


@ Aluminized mirrors can be cleaned without fear 
of rubbing off. 

Won't peel or blister 

All mirrors are overcoated with silicon monoxide 
—hard as glass itself. 

Guaranteed not to change figure. 
Mirrors with reflectances of 95% 
Can aluminize up to 32” diameter reflectors. 
Prices furnished upon request. 

Delivery of mirrors can be made within 2 days 
after receipt of glass. 


available. 


Optical Film Engineering Company 


2737 North Sixth Street 
Philadelphia 33, Pennsylvania 











4-INCH 
DYNASCOPE* 


65X - 130X - 167X 


A fine parabolic mirror reflecting 
telescope for every astronomer—ama- 
teur or professional—who insists upon 
fine optical performance. An instru- 
ment of this high quality has never 
before sold at anywhere near this 
astonishingly low price. In fact, it is 
the only reflecting telescope available 
for under $100 with a parabolic mir- 
ror, rack and pinion focus and 3 achro- 
matic eye pieces. 

The Dynascope will resolve Epsilon 
Lyrae as four brilliant gems. The 
Herodotus Valley of the Moon can be 
clearly seen with breath-taking sharp- 
ness. Polaris and Zeta Ursa Majoris are 
resolved with excellent definition. 

A fully achromatic precision instru- 
ment, scientifically constructed, the 
Dynascope will give you years of astro- 
nomical pleasure and satisfactory ser- 
vice. It is completely assembled, fully 
aligned, ready for use. Each Dynascope 
must pass rigid resolution and diffrac- 
tion tests before shipment and is sold 
on an ironclad money back guarantee. 


CRITERION 
MANUFACTURING CO. 
331 Church Street * Hartford, Conn. 











FEATURES: 













1 4 inch Parabolic Mirror Fal 
Aluminized plus Zircon 7 
Quartz layer 










2 3 Eyepieces—(1) 65X Huygen 
(2) 130X-167X Achromatic Ramsden 





Focusing , var 


Rack & Pinion ye ae 





4 4-power Achromatic 
Finder Scope 








Combination Non-Friction 
Equatorial & Alt-Azimuth 
Mount 
Bakelite 
Tube 













4-point Tube 

| Suspension i kid 
~ Tripod with Hardwood 
Folding Legs 














4 

I CRITERION CO., Dept. STD-11 i 
\ 331 Church St., Hartford 1, Conn. l 

Please ship me at once, subject to your money 

| back guarantee, 4-inch Dynascope Telescope I 
i CO Enclosed find check or money order $44.95 i 
! [) Send C.0.D C) Free Illustrated Literature | 
| Name... j 
I Address. 
City = State... j 


St ee | 
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NEW! TELESCOPE MAKING KIT! 
MAKE YOUR OWN 


40X-80X ASTRO-TELESCOPE 


An 
Outstanding 
Buy At 
ONLY 


$91°° 


Postpaid 


One of the Greatest 
Scientific Toys We 
Have Ever Offered! 


Designed by Armand Spitz, 
world-famous maker of the 
Spitz Planetarium. Projects 
nearly 400 stars, more than 
70 constellations in their 
correct relationships. Use it 
in any darkened room of 
the house, project it on 
walls and ceiling. No bat- 
teries, works on ordinary 
household current, Two 
simple adjustments. that 
show you the sky as it ap- 
pears from any point in the 
Northern Hemisphere. ..for 
any time of night. .for 
any month of the year! 
Rheostat brightness control 
A 82-page book included 
free of extra cost. Contains 
valuable information about 
the stars, provides easy 
identification of the con- 
stellations. 
About 14” high on a 7” x 
7” base. Projection sphere 
7” diameter. Weight 3 lbs 
Stock No. 70,040-Y 

$14.95 pp. 


DOUBLE THE USEFULNESS OF 
YOUR TELESCOPE WITH A 


STAR SPECTROSCOPE 


This imported STAR SPECTROSCOPE—a “must” 
for serious observers—will open whole new fields of 








ncaa naan nnn 





Save real money — bought assembled would cost much more! Here’s a 
telescope-making kit designed especially for the amateur who doesn’t want 
to spend an excessive amount of time making his telescope. Kit contains 
completely assembled eyepieces in holder with spiral focusing tube and sun 
filter; objective lens in cell; mounting cradle with swivel bar and lock. 
Eyepieces with interchangeable lenses to give 40X and 80X. Achromatie 
objective lens, color corrected. Clear diameter of objective lens 39 mm. 
E.F.L. approximately 39 inches. Complete assembling directions included. 


patel 70,067 71.50 pI Look At This Amazing Buy! 
MOUNTED 
ERFLE 
EYEPIECE 











TELESCOPE FINDER 


7-power for wide 
field, easier find 
ing. Simple to 
mount, easy to 
use. Three wing 
nuts position the 
finder in collima 
tion with the 


68° Field 


primary tele- 
scope. Four holes 
in ring mounts 
for mounting to 
telescope tube. Sturdy cast aluminum. 
Stock No. 50,080-Y Finder alone, less ring 
mounts $9.95 
Stock No. 50,075-Y Ring mounts per pair 


$1.95 





fascinating exploration and research. Study cosmic 
physics! Determine the chemistry of stars! Detect 
invisible gases thru dark-line spectra. Direct vision. 5 
risms. 3 cylindrical lens caps. Threaded to fit our 
uygens-type astronomical eyepieces or you can adapt 
to your own eyepiece. Unit is 2%” long, comes in 
protective velvet-lined case. 


Stock No. 50-023-Y Star Spectroscope $32.75 Pstpd. 


mm. 


about 





cost about $84.00. This is 
the type war surplus bar- 
gain that will be talked 
in years to come. 
Buy while you can. Our 
price will jump soon. 

Stock No. 5160-Y $8.50 pp 


Consists of 3 coated 6 
mats in metal mount witb 
spiral focusing. F.L. 1%”. 
Dia. 54 mm., length 54 
War surplus. Govt. 





OPTICAL 
COLLIMATOR 


War Surplus 
Designed to check 
navigational instru 
ments. Used by in- 
dustry as a_ colli 
mator for optical 
instruments, for 
testing lenses for 
definition, as a source of infinite light, and for 
photographing reticles at infinity. Purchased by 
many firms as a source for the fine lenses and 
parts it contains. Consists of a large cemented 
achromat, 5” in diameter, with a focal length of 
approximately 25”, a pinpoint reticle lighted by 
a 6-8-volt bulb (to represent a star), a first 
surface mirror to reflect the light from the 
reticle. Overall length 14%”; width of cradle 
7%”. Slightly used, but in good working order 
Stock No. 80,025-Y $95.00 f.0.b. Barrington, N.J. 


BUBBLE SEXTANT 


War Surplus Type A-10A You Save 90% 

A terrific bargain. Govt. cost about $217.00 

Cost to you only 10% of this figure. Each instru 

ment has been checked to assure proper collima- 
tion and perfect working order. Electric (bat 

tery-operated) automatic recording averaging de 

vice, Illuminated averaging disk for nighttime 
use. Comes with carrying case, spare plastic 
disk, flashlight with rheostat, auxiliary 2x Gali- 
lean telescope for use on faint stars, and direc 

tion booklet. We guarantee satisfaction! 

Stock No. 933-Y .... $22.50 Postpaid 








HEIGHT- 
FINDER 
OBJECTIVES 


War surplus 
$100 Value! 


PRECISION 
HEIGHT- 
FINDER 
AIR-SPACED 
ACHROMATIC 
OBJECTIVE 
Mounted in 
metal cell, UL 
Excellent for collimators or telescope 
objectives. These top quality objectives 
were used in the army’s $12,000.00 
Heightfinder. Made obsolete by radar, 
they have been subjected to very little 
use. Color corrected. 64 mm. (2-9/16”) 
in diameter. 18.2” focal length. Per- 
fectly matched pairs. 
Stock No. 70,038-Y 
Purchased singly, 
Stock No. 70,037-Y $25.00 each Pstpd 














$50.00 Pstpa 





MOUNTED RN 8 ep pete 
BARLOW LENS 


Short Focal Length 
E.F.L.: —1.74+0.01 inches 
CLEAR APERTURE: 0.96” 

0.D, OF CELL: 1-3/16” 
A negative achromat called 
a Barlow lens is used to 
convert your astronomical 
objective—iens or mirror— 
into a telephoto system. Thus 
a variable-power astronomieal telescope is obtained. 
The great advantage of this system is that higher 
powers may be obtained without resorting to very 
short focal length eyepieces or very long and cumber- 
some telescopes. 

Our Barlow lens is well made, finely corrected se 
that no image deterieration is sustained. Short focal 
length allows the lens to be used closer to the primary 
focus, thus making it convenient to use as part of the 
eyepiece system. Short focal length also insures that 
the total length of the telescope will not be increased 
an impracticable amount. 

Direction sheets on the use and the mounting of the 


Barlow lens are available. 
Stock No. 30,140-Y $15.00 Postpaid 














30X TELESCOPE 
with Trinod 

Bargain! Imported! Fo- 
cuses from 40 ft. to in- 
finity. Achromatic ob- 
jective. Lens erecting 
system. Length 26%”. 
Stock No. 70,018-Y 
$21.95 Pstpd. 


optical 


for FREF. 


Be Sure To Get FREE CATALOG “Y” 


If you haven’t seen our big, FREE Oatalog, you don’t know what you're 
missing. Fantastie variety — never before have so many lenses, prisms, 
instruments, 
Positively the greatest assembly of bargains in all America. Imported! 
War Surplus! Dozens of other hard-to-get optical items. Write today 
CATALOG 


and components been offered from gone source 


“ey, 


EDMUND SCIENTIFIC CORP. 


204 Sky aNnp TeExescore, March, 1955 





OPTICAL BARGAINS 


AY, 


ASTRONOMICAL 
TELESCOPE 


BRAND) 
NEW e 


“Palomar, Jr.” 
ONLY 


142. 


A REAL REFLECTOR TELESCOPE 
’ Complete With Equatorial Mount, Tripod. 


Designed by us to meet every need of the amateur astronomer! Specially 
engineered not only for blueprint precision, but for comfort, ease of 
operation and freedom from mechanical restrictions! 4%” mirror guaran- 
teed to give theoretical limit of resolution. Diagonal and combination 
eyepiece finished to equal or better tolerances than mirror. Look at all 
these revolutionary features: Rack and pinion, micrometer-smooth focus- 
ing with tension adjustment. Two-piece rigid diagonal construction. All- 
aluminum black anodized tube. No-distortion adjustable mirror mount, 
easily removed for mirror cleaning. Tube ventilated. Real equatorial 
mount—one smooth motion follows stars, planets. Sturdy hardwood tri- 
pod. Counterweight for perfect balance. Latitude adjustment easily made 
with tripod setting. 

Technical specifications: mirror aluminized, overcoated with silicon 
monoxide. Foca] ratio f/10.5. Focal length 45”. Combination eyepiece 
gives powers of 57X (20 mm.) and 115X (10 mm.). A 6-mm., eyepiece, 
available from us at extra cost, gives 190 power. All eyepieces are stand- 
ard 114” diameter. Focus travel of eyepiece mount is 2%”. Tube finished 
in jet black, accessories in black wrinkle finish. Tripod stained natural 
wood. 

Stock No. 85,006-Y 


complete $74.50 f.0.b. Barrington, N. J. 





“MAKE-YOUR-OWN” 4-1/4” MIRROR KIT 


The same fine mirror as above, pol- % 
ished and aluminized, lenses for eye- ae oe $ | ae 
pieces and diagonal. No metal parts. 50,074-Y¥ ostpaid 





RACK and PINION 


EYEPIECE 
MOUNT 


. . . Available with 
Holder 


Now—you can improve performance in a most 
important part of your telescope—the eye- 
piece holder. Smooth, trouble-free focusing 
will help you to get professional performance 
out of your present telescope whether you 
bought it ‘‘ready made’’ or built it yourself! 
Look at all these wonderful new features 
Real rack and pinion focusing, with variable tension adjustment, gives 
you microscope-smooth focusing action. Foeus travel over 2”. Drawtube 
accommodates standard 1%” eyepieces, giving your present telescope a 
wide, varied range of power. Standard size opening also allows the use 
of accessory equipment, such as sunspot projectors, filters, eyepiece prism 
diagonals and terrestrial erectors. Lightweight aluminum body casting. 
Rigid mounting achieved by drilling four smal] holes in tube, whether 
paper or metal. Drawtube and rack chrome plated brass, body in black 
wrinkle finish. ’ 

a beauty and ease of operation to your present telescope—at low 
cos 
Stock No. 50.077-Y¥ 


Diagonal 


Only $8.95 Postpaid 


DIAGONAL HOLDER 


Designed as an accessory to the eyepiece holder, Single screw centers 
the diagonal in any size tube up to 8”, Accurate 45-degree angle elimi- 
nates excessive preliminary adjustments. Rigid one-piece construction of 
rod makes frequent changes of adjustment unnecessary, allows more 
light to reach mirror. Includes double-faced adhesive tape to attach front 
surface mirror to plate—set it and forget it! 


Stock No. 60,035-Y 





$1.00 Postpaid 





TELESCOPE EYEPIECE — 0 
sists of 2 Achromatic lenses. FL. 50x MICROSCOPE 


28 mm. in a metal mount. | & 10x TELESCOPE 
Stock No, 5140-Y.. $4.50 Postpaid New 2 in 1 combination! Pocket 
Same as above but about 1%” ex- size! No larger than a fountain 


tension has been added with O.D. pen. Sere sees, ae ae 
of 1%”, which is peace Hh 0.D Handy for sports, looking at rare 


objects or just plain snooping, 
Stock No. 5223-Y.. $5.25 Postpaid Stock No. 30,059-Y¥ $4.50 Postpaid 





TELESCOPE FILTER SET 


For eliminating planetary glare. Set includes 1 red, 1 
amber, 1 neutral filter. Cuts out objectionable glare 
when viewing moon, planets. Attach to front or rear of 
eyepiece. Diam. 30 mm. If you order now—l green 
filter for Saturn and moon included FREE. 


Stock No. 40,154-Y $1.00 Pstpd. 





War Surplus ELBOW TELESCOPE 
M-7 8 Power 


Cemented achromatic doublet objective, F.L. 8%”, 


15X SPOTTING SCOPE 


lens, Ramsden eyepiece, achromatic objee- 


U. 8. Govt. cost about $300.00! tive. Threaded focus adjustment. Rubber | f 
feet on tripod. Total height, 10”. filters. HUNDREDS OF APPLICATIONS! In 


Stock No. 70,035-Y 


POLARIZING FILMS! 
A miniature scope 


with amazing big- EXCLUSIVE 


scope qualities! Only 

7” long, fits handily BUY! 
in the side pocket of 
your jacket. Collaps- 
ible tripod with ball- 
joint mount for view- 
ing in any direction 
and “fixing” on tar- 
get. Coated objective 


You Can’t Buy Them Anywhere Else 
At Anywhere Near These Amazingly Low Prices! 
A large manufacturer of 3-D goggles recently 
went out of business. We have acquired his en- 
tire stock and offer it to our customers at a 
fraction of what you normally pay for polarizing 


photography, use it to darken backgrounds 


$19.95 Postpaid : en 
without affecting subject, to eliminate glare om 





speed f/4.5, clear aperture about 45 mm. F.L. of eye- 
piece 27 mm. Amici roof prism erector. Eye relief 25 
mm. Field of view 6°. Length 12”, width 5”, height 


6”. Weight 3% lbs. 
Stock No. 70,044-¥ $27.50 Postpaid 





60° SPECTROMETER PRISM 


Polished surfaces flat to % wave length. Angle toler- 
ances 5 minutes. Dimensions of polished surfaces 18 
mm. x 30 mm. Made from dense flint glass, free of 
striae and strain. 

Btock No. 30,143-Y . 


ORDER BY STOCK NUMBER 


BARRINGTON 


tube. 





Stock No. 50,010-Y 
For 4%” mirror—mount will fit 5” I.D, 


Stock No. 50,011-Y 


SEND CHECK OR MONEY ORDER 


ASTRONOMICAL shining subjects, seascapes, through windows. 
MIRROR MOUNTS] Use two pieces to make your own polariscope. 
Cast aluminum with] For telescope enthusiasts, a pair of polarizing 
brass mounting andj screens is helpful in eliminating ‘‘planetary 
adjusting screws and| glare’’ when looking at the moon and planets. 
mirror clamps. Two] Mount it on your microscope to show your 
sizes: for 6” mirrors] specimens under different, polarized lighting 
—mount will fit 7”] conditions. Get some today. (May have slight 
I.D. tube: imperfections—still plenty of good, useful area.) 

$7.00 Postpaid | Stock No. 50,089-Y..1 sheet, 12” x 12” 
$3.00 Pstpd. 

Stock No, 50,090-Y..2 sheets, 12” x 12” 
$4.00 Pstpd. 





$5.25 Postpaid 
SATISFACTION GUARANTEED! 


NEW JERSEY 
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BAUSCH 
& LOMB 


WNLseope Sr. 


Bausch & Lomb BALscope, Sr. is 
a highly precise, compact 60mm 
telescope. A deserved favorite for 
beginning astronomers, it also 
serves the advanced field as an 
adequate commercial version of 
a richest field telescope. Choice 
of four eyepiece powers as listed 
below. (With any of the three 
lower-power eyepieces, BAL- 
scope, Sr. is also an outstanding 
general observation terrestrial 
telescope.) 








Exit Pupil 
diameter 


Eyepiece 
power 





15x 4.0mm 
20 3.05mm 
30 X 2.0mm 
60x 1.0mm 











BALscope, Sr. with 15, 
20X, 30 or 60 eyepiece $9 500 


Extra eyepieces, each 25.00 


Tripod adapter (permits use 
of BALscope, Sr. with any 
pan-head cameratripod)... 6.85 


WRITE for descriptive folder. Bausch 
& Lomb Optical Co., 25839 Lomb 
Park, Rochester 2, N. Y. 





OBSERVER’S PAGE 


Universal time is used unless otherwise noted. 


OBSERVING ECLIPSES OF JUPITER’S SATELLITES 


OME ECLIPSE OBSERVING need 

not require the long journeys many 
persons made last June for the total 
eclipse of the sun. In fact, during March 
alone, most American observers will have 
nearly a dozen opportunities to watch 
eclipses of another sort—those of Jupiter’s 
satellites. A telescope of at least two 
inches aperture is needed, and more than 
about 40 power; also, the observer must 
know when to look. 

As an example, suppose that you had 
Jupiter under view on the late evening 
of March 9th. The accompanying chart 
of Jupiter satellite configurations is for 
4:30 a.m. at Greenwich (Universal time). 
Iherefore, the positions shown for March 
10th correspond to those at 11:30 p.m. 
Eastern standard time in the United 
States on March 9th. 

Only three satellites will be visible. As 
seen in an inverting telescope, satellites 
I and III are to the left of the planet's 
disk, and IV is to the right. Satellite II is 
not visible, as it has passed behind Ju- 
piter and will not reappear from its shad- 
ow until 1:31 a.m. EST, March 10th. 

Vo tell exactly where II will reappear, 
consult the small diagrams labeled Phases 
of the Eclipses of the Satellites, noting 
the position marked r. Watch this spot 
carefully; at about 1:30 a.m. a very mi- 
nute speck of light will appear there. It 
will brighten rapidly, and in about three 
minutes II will have reached its normal 
full brightness, entirely clear of the 
planet's shadow. 

Reappearances of the other satellites 
proceed similarly, more rapidly in the 
case of I, more slowly for III, while IV 
brightens very gradually. 

For I and II, only reappearances from 
the shadow are visible in March. This is 
because Jupiter passed opposition in Jan- 
uary; hence the western edge of the shad- 
ow cone, where these satellites enter the 
shadow, is now behind the planet. Before 
opposition the situation was reversed; 
then the eastern edge of the shadow was 
hidden by Jupiter, and only disappear- 
ances of I and II were then visible. 

The diagram shows that complete 
eclipses can now be observed for III, as 
on March 20-21. Because of its great dis- 
tance from Jupiter, satellite TV can nor- 
mally be watched at both disappearance 
and reappearance in the same eclipse. 
The observing of complete eclipses is 
rare for If and impossible for I. 

The eclipse phenomena visible in the 
United States and Canada are listed 
here from the American Ephemeris. The 
times are EST, and may differ by several 
minutes from the actual moments of first 
or last visible speck. It is always well to 
be at the telescope a few minutes before 
the time of an expected eclipse event. 
Reappearances are indicated by R, dis- 
appearances by D. 


March 1, I, R, 10:56 p.m.; 2, TI, R, 
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10:56 p.m.; 9, I, R, 0:51 am; 10, HU, 
R, 1:31 a.m.; 13, HI, R, 10:43 p.m.; 16, 
I, R, 2:47 a.m.; 17, I, R, 9:16 p.m.; 20, 
III, D, 11:09 p.m.; 21, HI, R, 2:44 a.m.; 
24,/4¥, D, 10:08 pm. 1, R, bill pm:; 
25, IV, R, 2:31 a.m. (near Jupiter setting 
for the Atlantic coast). A. 


JUPITER’S SATELLITES 


The configurations of Jupiter’s four bright 
moons are shown below, as seen in an astronom- 
ical or inverting telescope, with north at the 
bottom and east at the right. In the upper part, 
d is the point of disappearance of the satellite 
in Jupiter's shadow; r, the point of reappearance, 

In the lower section, the moons have the posi- 
tions shown for the Universal time given. The 
motion of each satellite is from the dot to the 
number designating it. Transits over Jupiter's 
disk are shown by open circles at the left, 
eclipses and occultations by black disks at the 
right. The chart is from the American Ephemeris 
and Nautical Almanac. 


MARCH 








Phases of the Eclipses of the Satellites 
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MARS 1954 


A.L.P.O. Mars map. A large chart (approxi- 
mately 10” x 17%) showing individually con- 
firmed features seen on Mars in 1954 by 
some of the world’s best known planetary 
observers. Shows nearly 300 named features. 
As recent observations indicate considerable 
change in certain areas on Mars, this up-to 
date map will be valuable for use at the 
coming 1956 apparition. Only $1.00 postpaid. 

35-mm. color slides of Mars drawings and 
of a globe of Mars prepared from 1954 ob- 
servations. Books for the lunar and plane- 
tary enthusiast. 


COMPLETE REFLECTING 
TELESCOPES 
Finished pyrex mirrors, diagonals, and _ tele- 
scope parts. Finest performance guaranteed. 
Write for lists. 
D. P. AVIGLIANO 


678 W. Manzanita Ave., Sierra Madre, Calif. 
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THE SUN, MOON, AND PLANETS THIS MONTH 


The sun, on the ecliptic, is shown for the beginning and end of the month. 
The moon's symbols give its phase roughly, with the date marked alongside. 
Fach planet is located for the middle of the month and for other dates shown. 


Meicury, in the morning sky, reaches 
March 11th, 27‘ 
the sun. Although this is 
vy oas dar from the sun as Mercury 
«, the southern declination of the 
planet is a disadvantage to observers in 
mid-northern latitudes, for whom the 
planet rises only an hour before the sun. 
South of the equator, the interval can be 
twice as long. At elongation, Mercury 
+0.4 magnitude. It is 
seen at this apparition during the first 
two weeks of March. 

Venus, morning object, rises 
13 hours before the sun in midmonth, as 
observed from latitudes around 40° north. 
This brilliant planet is at magnitude 
—3.6 on March 15th, when its gibbous 
disk has an apparent diameter of 16”. 

Earth will arrive at heliocentric longi 
tude 180° on March 21st at 9:36 UT. 
Spring begins in the Northern Hemi- 
sphere and autumn south of the equator, 
with and approximately 
equal over the earth. 

Mars travels through Aries in March, 
continuing to decrease in brightness. On 
the 15th, its magnitude is +1.6, and it 
sets four hours after the sun. 


greatest Clopeation on 


27” wes 
| 
} 
j 
! 


cam mm 


appears at best 


also a 


days nights 


Jupiter continues to dominate the 
evening sky, at magnitude —2.0 in early 
March. On the 16th, Jupiter resumes 
eastward motion the stars. Lo- 
cated in eastern Gemini, the planet is 
high on the meridian as twilight ends, 
and sets before Venus rises in the morn 
ing. The Jovian disk appears 41” in 
equatorial diameter on the 15th, a fine 


among 


object in small telescopes. 

Saturn, located in central 
about 10:30 p.m. local time in mid-March. 
Retrograde motion March 
Ist. The ring system presents its northern 
face, 22°.2 to our view on the 
15th, when Saturn shines at magnitude 
+0.6. 

Uranus is in retrograde motion in 
eastern Gemini. It is of the 6th magni 
tude, and is about 4° east of Jupiter. A 
chart of its path in 1955 appeared on 
page 169 last month. 

Neptune may be viewed with the aid 
of binoculars after evening twilight ends. 
This distant planet is in retrograde mo- 
tion in eastern Virgo, about 5° east of 
Spica. A chart of its path during 1955 
appeared on page 169 last month. 


Libra, rises 


commences 


inclined 


E. ©. 














The full 31-inch diameter retlecting type astronomical 
telescope that even the telescope makers talk about. 
It has been sold for more than 15 years and now is on display 
8. 
craters on the moon, Saturn’s rings, Jupiter’s four moons and 
markings, : th § r 
observatory clearness. Skyscope enjoys worldwide distribution. 
with its ! 
dividually tested before being packed for shipment. We suggest 
i that before buying you 
bk. society, about the efficiency of Skyscope. 
We invite your attention to our free and straightforward descriptive brochure 
which also shows a photograph of the individual parts used. 
125-power and 35-power extra eyepieces . 
with brackets 


in at least two U. 


the planet’s 


Every instrument, 


Six-power finder, 
Holder for extra eyepieces 


and 


planetaria. It will show mountains and 


close double stars with guaranteed 


\%-wave, aluminized mirror, is in- 
astronomy 


inquire at almost any local 


$5.15 each 





MERCURY VY 
MARS & 
SATURN r 
NEPTUNE @N 


VENUS § 
JUPITER = 
URANUS @6U 

PLUTO @P 

or 


SUNSPOT NUMBERS 


December 1-2, 0, 0; 3, 1, 0; 4, 3, 0; 5, 1, 
0: 6, 0, 0; 7, 3, 0; 8-10, 0, 0; 11, 1, 0; 12-13, 
0, 0: 14, 3, O: 15, 18, 11; 16, 17, 18; 17, 
19, 17; 18, 26, 14; 19, 19, 19; 20, 16, 19; 
23. 5, 14 2ES 7: Wo, 7 SS 32 
25, 8, 10; 26, 5, 7; 27, 0, 0; 28, 5, 0; 29, 
14, 13; 30, 21, 29; 31, 22, 25. Means 

December: 7.7 American; 7.3 Zurich. 


for 


Above are given the date, the American num 
ber, then the Zurich number. These are observed 
mean relative sunspot numbers, the American 
computed by D. W. Rosebrugh from AAVSO 
Solar Division observations, the Zurich numbers 
from Zurich Observatory and its stations in 
Locarno and Arosa. 


44mm 
refractor 
$48 


refractor 
$199 








Prectston 


Telescopres 


AS LOW AS 


Ss 4 S 


Now, for $48 you can own a 60-power 
refractor that is truly a precision optical 
instrument in every detail—44mm_ fully 
corrected objective, 4-lens plano-convex 
eyepiece, erect image, altazimuth mount, 
and hardwood tripod. Carefully designed 
and built, it has no imported or surplus 
parts. Tinsley Laboratories is proud to add 
this junior instrument to a series of teles- 
copes which are famous for their quality 
and value. Whether you need a telescope 
for a junior, a serious astronomer, a school, 
or an observatory, find out about Tinsley 
products. Tinsley Laboratories is one of the 
few American makers of precision optics 
in about sixty different categories. 


2530 Grove Street As Berkeley 4, California 
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Everything you want 
in a telescope! 


Our aim in designing UNITRONS has 
been to offer telescopes that include ev- 
ery feature to help you get the most out 
of your observing. We sincerely believe 
that we have achieved our purpose in the 
famous 9 UNITRON models. The won- 
der is that you can own one of these 
fully equipped instruments for so little! 


Insist upon these UNITRON 
features! Don’t accept a 
telescope effering less. 


@ LENSES are FULLY 
spherical and chromatic 
COATED for maximum 


CORRECTED for 
aberration and are 
brilliance and clarity of 
image. AIR-SPACED OBJECTIVE insures free- 
dom from “clouding” with age. Critical align 
ment insured by threaded cell and cell mount. 


@ EYEPIECES of the HIGHEST QUALITY 
Orthoscopie, Achromatized Symmetrical, Kellner, 
Huygens. Three to six eyepieces included with 
each instrument as standard equipment. 


@ FINEST MATERIALS throughout. DURALU- 
MINUM TUBE. Moving parts of BRASS care 
fully machined to close tolerances, and finished in 
CHROMIUM. Nothing to rust or corrode. 


@ MODERN DESIGN 
gineering principles. 


ANCE to which no 


@ Large DEWCAPS prevent dew formation on 
objective lens surface and keep out stray light 


@ STURDY TRIPOD be folded 
venient storage. 


@ EQUATORIAL MODELS have _ slow-motion 
eontrols for both declination and right ascension 
as well as rapid-motion controls. 


@ ALTAZIMUTH MODELS have slow-motion 
controls for both altitude and azimuth as well as 
clamps to lock telescope firmly in position when 
desired. 


@ VIEW FINDER with crosshair eyepiece gives 
wide field of view. Furnished with centering 
screws for collimation. (See page 197 for illus- 
trations.) 


@ RACK-AND-PINION FOCUSING for accurate 
adjustment. 


@ PRISMATIC STAR DIAGONAT. for conven- 
ience in observing at all altitudes. Permits obser- 
vation in any direction at right angles to the tele 
scope tube. You may, therefore, observe while 
sitting as well as standing. Diagonal may be re- 
moved for direct observation. 


@ ERECTING PRISM SYSTEM for TERRES- 
TRIAL OBSERVATION may be used with any 
of the eyepieces to give the same complete range 
of terrestrial magnifications as for celestial ob- 
servation. Prism system detaches when not in 
use to permit maximum light intensity. 


@ SUNGLASS 
@ SUN 


equipment 
available 


based on time-tested en 
HANDSOME APPEAR 
illustrations can do justice. 


may for con- 


for solar observation 


PROJECTING SCREEN is standard 
on 8” and 4” Equatorial Models and 
for Altazimuth Models. 

@ Complete operating INSTRUCTIONS provided. 
@ FITTED WOODEN CABINET, handsomely 


finished, for compact storage of telescope and ac- 
cessories. Tripod case. 


Leads in Value and Quality 


UNITRON 


The UNITRON Refractors, left to right, are the 1.6” Altazimuth, the 2.4” Equa- 
torial, the 3” Altazimuth, the 4” Photo-Equatorial, with a young observer. 


More Eyepieces than ever 
before now included with | 
UNITRON 2.4” Refractors 


— and at no extra cost! 
The UNITRON 24” Models have 


long been America’s most popular re- 
fractors. While attempts at imitation 
have occurred from time to time, the 
many exclusive features and unrivaled 
optical performance have never been du- 
plicated elsewhere. 

Now, these models offer greater value 
than ever. An additional eyepiece, the 
12.5-mm. (72x) valued at $6.75, is in- 
cluded with the UNITRON 2.4” Altazi- 
muth at no extra cost, which brings to 
|four the number of eyepieces included 
| with this model as standard equipment. 
[wo additional eyepieces, the 12.5-mm. 
(72x) and the 7-mm. (129x) with a com- 
bined value of $15.70, have been added 
to the UNITRON 2.4” Equatorial to 
| bring to a total of five the number of 
|eyepieces included as standard equip- 
|ment. Additional higher and _ lower 
| powered eyepieces are available for both 
| instruments at extra cost. 
| The Altazimuth model is equipped 
| with the sturdy, oversized mounting il- 
lustrated on the back cover, The mount- 
ing of the Equatorial model, shown in 
|the group picture above, is based on the 
| same proven mechanical design as that 
lused on our largest refractors. Both 
|mountings provide slow motion controls 
| and clamps for two co-ordinates. 
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Use the UNITRON 
EASY PAYMENT PLAN 
9 Models to choose from 


$75 


1.6” ALTAZIMUTH ($19 Down) 
with eyepieces for 78x, 56x, 34x 


$125 


2.4” ALTAZIMUTEH ($31 Down) 
with eyepieces for 100x, 72x, 50x, 35x 


$225 


72x, 50x, 35x 


$265 


96x, 67x, 48x 


$435 


96x, 67x, 48x 


2.4” EQUATORIAL ($56 Down) 
with eyepieces for 129x, 100x, 


3” ALTAZIMUTH ($66 Down) 
with eyepieces for 171x, 131x, 


3” EQUATORIAL ($108 Down) 
with eyepieces for 200x, 131x, 


3” PHOTO-EQUATORIAL ($137 Down) $550 
with eyepieces for 200x, 171x, 131x, 96x, 67x, 
48x 


4” ALTAZIMUTH ($116 Down) $465 
with eyepieces for 225x, 219x, 170x, 122x, 
84x, 61x 


$785 


122x, 


4” EQUATORIAL ($196 Down) 
with eyepieces for 255x, 219x, 
84x, 61x 


170x, 


4” PHOTO-EQUATORIAL ($222 Down) $890 
with eyepieces for 255x, 219x, 170x, 122x, 
84x, 61x 


Additional Eyepieces available for all models. 
Above prices are shipment f.o.b. Boston 
All Instruments Fully Guaranteed 


Send check or m. o. or 25% deposit, bal- 
ance C.0.D. Shipment express collect. 


FREE CATALOG AVAILABLE 
(See page 197 and the back cover) 


204-206 MILK STREET, 
BOSTON 9, MASS. 





VARIABLE STAR MAXIMA 


March 5, S Ursae Majoris, 123961, 7.9; 
7, R Phoenicis, 235150, 7.8; 9, S Canis 
Minoris, 072708, 7.5; 15, R Centauri, 
140959, 5.9; 16, T Centauri, 133633, 6.1; 
18, R Cygni, 193449, 7.3; 21, T Cassio- 
peiae, 001755, 7.8; 21, R Carinae, 092962, 
4.6; 25, T Normae, 153654, 7.4; 27, R 
Caeli, 043738, 8.0; 27, U Orionis, 054920a, 
6.6; 28, R Draconis, 163266, 7.6; 31, V 
Coronae Borealis, 154639, 7.4. Apr. 2, R 
Leporis, 045514, 6.7; 5, RS Cygni, 200938, 
7.4; 7, R Geminorum, 070122a, 7.1. 

These predictions of variable star maxima are 
by the AAVSO. Only stars are included whose 
mean maximum magnitudes are brighter than 
magnitude 8.0. Some, but not all of them, are 
nearly as bright as maximum two or three weeks 
before and after the dates for maximum. The 
data given include, in order, the day of the month 
near which the maximum should occur, the star 
name, the star designation number, which giver 
the rough right ascension (first four figures) and 


declination (bold face if southern), and the pre 
dicted magnitude. 





MOON PHASES AND DISTANCE 
March 1, 12:40 
March 8, 15:41 
March 16, 16:36 
_March 24, 03:42 
March 30, 20:10 
April 7, 06:35 


Distance Diameter 
251,300 mi. 29’ 33” 
226,400 mi. 32’ 48” 


First quarter 
Full moon 
Last quarter 
New moon 
First quarter 
Full moon 


March 
Apogee 14, 
Perigee 26, 


215 
165 


April 


Apogee 11, 14% 251,800 mi. 29 29” 





MINIMA OF ALGOL 
March 3, 13:00; 6, 9:49; 9, 6:38; 12, 
$:28; 15, 0:17; 17, 21:06; 20, 17:55; 23, 
14:44; 26, 11:33; 29, 8:23. April 1, 5:12; 
4, 2:01; 6, 22:50; 9, 19:39. 


These minima predictions for Algol are based 
on the formula in the 1953 International Supple- 
ment of the Krakow Observatory. The times given 
are geocentric; they can be compared directly 
with observed times of least brightness. 


OCCULTATION PREDICTIONS 


March 2-3 Mu Geminorum 3.2, 6:20.2 
+ 22-32.3, 9, Im: D 7:27.1 +0.1 —1.1 84; 
E 7:32.6 +0.1 —1.4 103; F 7:47.7 +0.3 
—1.8 131; H 7:40.2 +0.2 —29 152; I 
7:07.4 —0.6 —2.0 119. Em: H 8:23.9 —1.0 
—0.2 240; I 8:09.2 —0.6 —1.4 270. 

March 30-31 Zeta Geminorum 3.74.1, 
7:01.4 +20-38.3, 7, Im: A 5:33.1 +0.2 
—1.5 110; B 5:28.9 40.1 —1.5 106; C 
5:39.7 +03 —1.6 121; D 5:325 +0.1 
—1.6 115; E 5:40.3 40.1 —2.0 184; F 
6:05.99 +1.1 —3.8 173; I 5:13.2 —0.3 
—3.1 156. 

For stations in the United States and Canada, 
asually for stars of magnitude 5.0 or brighter, 
data from the American Ephemeris and the 
British Nautical Almanac are given here, as fol- 
lows: evening-morning date, star name, magni- 
tude, right ascension in hours and minutes, decli- 
nation in degrees and minutes, moon’s age in 
days, immersion or emersion; standard station 
designation, UT, a and b quantities in minutes, 
position angle on the moon's limb; the same 
data for each standard station westward. 

The a and b quantities tabulated in each case 
are variations of standard-station predicted times 
per degree of longitude and of latitude, respec- 
tively, enabling computation of fairly accurate 
times for one’s local station (long. Lo, lat. L) 
within 200 or 300 miles of a standard station 
(long. LoS, lat. LS). Multiply a by the differ- 
ence in longitude (Lo— LoS), and multiply b 
by the difference in latitude (L— LS), with due 


regard to arithmetic signs, and add both results 
to (or subtract from, as the case may be) the 
standard-station predicted time to pbtain time at 
the local station. Then convert the Universal 
time to your standard time. 

Longitudes and latitudes of standard stations 


are: 

A +72°.5, +42°.5 E +91°.0, +40°.0 

B +73°.6, +45°.5 F +98°.0, +31°.0 

CGC +77°.1, +88°.9 G Discontinued 

D +79°.4, +43°.7 H +120°.0, +36°.0 
I +123°.1, +49°.5 


UNIVERSAL TIME (UT) 


TIMES used on the Observer’s Page are Green- 
wich civil or Universal time, unless otherwise 
noted. This is 24-hour time, from midnight to mid 
night; times greater than 12:00 are p.m. Subtracs 
the following hours to convert to standard times in 
the United States: EST, 5; OST, 6; MST, 7; 
PST, 8. If necessary, add 24 hours to the UT be 
fore subtracting, in which case the result is your 
standard time on the day preceding the Greenwiceb 
date shown 











ASTRONOMICAL INSTRUMENTS 
OF QUALITY 


Made tn America 

Optical Instruments including stand- 
ard Telescopes and all accessories. 
Ramsden eyepieces from 4” to 112” 
focal length $9.50 

Kellner eyepieces from 4” to 1” focal 
length $15 to $18 

Orthoscopic eyepieces in 1/3”, 2/3”, 
and |” focal length $20 

Solar prism for direct observations of 
the sun with a refractor $30 


Spectroscope for use with a wees 
LABORATORY OPTICAL CO. 


| Plainfield, New Jersey 























Astronomical Supplies 


ORTHOSCOPIC OCULARS 
All hard coated 


28 mm. = $13.00 7 mm. $15.50 
16.8 mm. $13.50 4 mm. $16.50 
10.5 mm. $14.75 


Warranted to equal or surpass any 

oculars obtainable anywhere or money 

refunded. 

Mirrors, kits, castings, spiders, flats, 

focusing devices, prisms, aluminizing. 
Send for Catalogue. 


Zelescopics 


1000 N. Seward St., Los Angeles 38, Calif. 








SKY - GAZERS EXCHANGE 


Classified advertising costs 15 cents a word, 
including address; minimum charge $3.00 per 
id. Remittance must accompany order. Inser- 
tion is guaranteed only on copy received by 
the 20th of the second month before pub- 
lication; otherwise, insertion will be made 
in next issue. We cannot acknowledge 
classified ad orders. Sky Publishing Cor- 
poration assumes no responsibility for state- 
ments made in classified ads, nor for the 
quality of merchandise advertised. Write 
Ad Dept., Sky and Telescope, Harvard 
Observatory. Cambridge 38. Mass. 


FOR SALE: Precision, coated, achromatic Bar- 
low lenses, 2.61” E.F.L., 0.983” diameter. Sur- 
plus from large optical manufacturer. Lenses 
unmounted, $10.00 each. Also available mounted 
in accurately centered brass tube, length ad- 
justed for 3x magnification, fitting standard 
1%” eyepiece holders and accepting standard 
1%” eyepieces only. $12.00 each. Supply lim- 
ited. Ralph Dakin, 720 Pittsford-Victor Rd. 
Pittsford, N. Y. 


FOR SALE: 5” refractor, excellent definition. 
Includes 7-power finder, sturdy tripod, acces- 
sories. $295.00. Take binoculars or ? part 
trade. Photo on request. Bill Brayton, 5123 
Eagle Rock Blvd... Los Angeles, Calif. 











WANTED: 4” or 5” refractor with first-class 
objective and in good condition, prefer altazi- 
muth. Send full description. Mounting on tripod 
or without. Stanley J. Czarneski, 4119 10th 
Ave., South Temple, Pa. 


EYE-OPENING information! Before buying a 
Barlow lens write for descriptive matter offered 
in larger advertisement herein, titled ‘Triples 
"Scope Performance!” Frank L. Goodwin, 345 
Belden Ave., Chicago 14, IIl. 








WANTED: 8”, 9”, or 10” air-spaced achromatic 
refractor objective in cell. New or used. No 
flaws, scratches, chips, stains. Price reasonable. 


Ferres Observatory, Johnstown, N. Y 





FOR SALE: 6” f/4 rich-field, excellent parabola, 
fine star images. All aluminum construction. 
Beautiful views of faint stars, clusters. Erfle 
ocular. $80.00. John McQuaid, 2003 High St., 
Logansport, Ind. 








FOR SALE: 3” Unitron refractor, like new. 
Equatorial mount, setting circles. $325.00. F. 
C. Hill, 430 Aquila Court, Omaha, Nebr. 


METEORITES: Visitors from space, $1.00, $3.00, 
$5.00. Odessa, Tex., meteorite, 5”, found 1922 
(iron oxide), $8.00. Scientific Laboratory, 2846 
Oakley Ave., Baltimore 15. Md. 

FOR SALE: Excellent professionally made 12%” 
pyrex mirror, 102” f. aluminized. Price: 
$175.00. William Braun, 225 Willoughby, Las 
Cruces. N. M. 








5” EQUATORIAL telescope as illustrated in 
Laboratory Optical Catalog No. 5, page 7, and 
described on page 15. Complete except for re- 
mote indicating circles. $1,800.00 f.o.b. Plain- 
field, N. J. Stanley Brower, R. D. 2, Bound 
Brook, N. J. 


FOR SALE: 2 Warner & Swasey prism tele 
scopes, 3” objectives. One, powers 12x, 25x 
the other larger, powers 24x, 65x. In-between 
powers can be used on this one. Amber filters 
Leather cases. Very good. $50.00 each. 50-mm. 
telescope, coated lenses, varipowered 20x to 
50x back and forth to suit weather condition 
Large clear field. Leather case. $40.00. Dr 
*. N. Solsem, Spicer, Minn. 











WANTED: 4%” to 5% ” refractor or 8” reflector 
J. C. McDonald, 4212 Concord St., Midland, 
Mich, 


FOR SALE: Brass rack-and-pinion eyepiece 
holder, 2” movement, takes standard 1%” eye- 
piece. Price $5.95 postpaid. Satisfaction or 
money refunded. Donald Lehr, 31 S. Hood 
Ave., Audubon 6, N. J. 


REFRACTOR: 6”, f.l. 61%”, by Witherspoon. 
Adjustable equatorial mount, circles with ver- 
niers and slow motion, Mark III clock drive, 
16x finder, star diagonal, 4 eyepieces, tripod. 
Photo avaflable. B. Wacek, 101 Wendover Rd., 
Baltimore 18, Md. 


FREE CATALOG: Telescopes, binoculars, micro- 
scopes. Complete line of quality parts for tele- 
scope making. Harold Snyder, 705 Leopold St., 
Huntington, Ind. 














MIRRORS made to order. Focogram and Ron- 
chigram included with each one. Money back 
guarantee. For details write to Borrello’s Sales 
end Service, 1326 S. State St., Syracuse, N. Y. 


PRECISION DIAGONALS. You will get the best 
possible performance from your telescope with 
one of our clear fused quartz diagonals, Ac- 
curacy guaranteed 1/20 wave. Ellipse 1.25” x 
1.77”, $10.00; 1.5” x 2.12”, $12.50. Aluminum 
ecating $1.00 extra. Send for list of other sizes, 
quartz mirrors and mirror blanks. Bausch & 
Lomb Balscopes, choice of 15x, 20x, 30x, or 
60x eyepiece, postpaid $95.00. E & W Optical 
Co., 2406 E. Hennepin Ave., Minneapolis 14, 
Minn. 





FOR SALE: 4” reflector (Dynascope), perfect 
condition, excellent performance; 3 eyepieces 
$25.00. George Zipay, Box 221, Dover, N. J. 





TELESCOPES and all accessories bought, sold, 
or exchanged. Valley View Observatory, 106 
Van Buren St., Pittsburgh 14, Pa. Established 
25 years ago. 

NORTON’S Star Atlas, $5.25; Kuiper, editor, 

The Earth as a Planet, $12.50; Moore, Guide 

to the Moon, $3.95; Guide to the Planets, 

$4.95. All books reviewed in Sky and Telescope 

Foreign and domestic publications. Write for 

list. Herbert A. Luft, 42-10 82nd St., Elm- 

hurst 73. N. Y. 
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SOUTHERN STARS 


The sky as seen from latitudes 20° to 
40° south, at 11 p.m. and 10 p.m., local 
time, on the 7th and 23rd of May, re- 
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spectively; also, at 9 p.m. and 8 p.m. on 
June 7th and 23rd. For other dates, add 
or subtract 4 hour per week. 

Look in Centaurus, between the stars y 
and ¢, for the great globular star cluster 
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Omega Centauri, the finest in the sky. To 
the unaided eye it is like a hazy 4th- 
magnitude star; it is a fine sight in field 
glasses, and extraordinary in a large tele- 


scope. 
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STARS FOR MARCH 


The sky as seen from latitudes 30° to 
50° north, at 9 p.m. and 8 p.m., local 
time, on the 7th and 23rd of March, re- 
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spectively; also, at 7 p.m. on April 7th. eastern sky. Follow the curve of the Dip- 
For other dates, add or subtract } hour __ per’s handle downward to locate the or- 
per week. ange Ist-magnitude star Arcturus. Note 

At chart time, Ursa Major is a very Cor Caroli, near the center of curvature 
conspicuous constellation in the north- of the handle. 
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DEEP-SKY WONDERS 


F MORE THAN 100 Messier objects, 
only about four may be considered 
circumpolar at latitude 40° north, when 


an allowance of 10 degrees is made for 
horizon haze. Two of these, M52 and 
M103, barely fall within 30 degrees of 
the north pole, but M81 and M82, in 


Ursa Major, are easily visible every night 


The bright spiral gal- 
axy near the center is 
M81 in Ursa Major; 
above it is M82, and to 
the left is NGC 3077. 
A fourth galaxy, NGC 
2976, is near the lower 
right corner. The three 
smaller systems are all 
at about the same dis- 
tance from us as M81, 
which has recently 
been set at seven mil- 
lion light-years. North 
is above on this por: 
tion of a plate taken by 
the 48-inch Schmidt 
telescope. Mount Wil- 
son and Palomar Ob- 
servatories photograph. 


of the year. Near them are two other 
fainter galaxies within the reach of 
small instruments; they are also shown 
on the accompanying 48-inch Schmidt 
photograph. 

Brightest and most famous of these 
four galaxies is M81. Too far north for 
the 100-inch telescope to reach, it has 
been photographed by the 200-inch tele- 
scope (see Plate 33, Sky Sets II). It is a 
closely wound spiral, NGC 3031, at 9° 
51™.5, +69° 18’ (1950 co-ordinates), and 
is 16’ by 10’ in size. At visual magnitude 
8, it can be seen in a finder, but larger 
amateur reflectors are needed to bring out 
its full impressiveness. 

Close by is the 9th-magnitude irregular 
galaxy M82, NGC 3034, at 9» 51™29, 
+69° 56’, and 7’ by 2’. It suffers by con- 
trast with its more conspicuous neighbor, 
but were it by itself it would still attract 
attention. 

NGC 2976, 9" 43™.2, +68° 08’, is 3’ 
by I’ ; with a visual magnitude of about 
10, it is easily visible in a Skyscope re- 
flector and well seen in a 2.4-inch Uni- 
tron refractor. Very similar is NGC 3077, 
9h 59™.4, +68° 58’, a 3’ by 2’ irregular 
galaxy which I have estimated as 10.0 
visually at times. 

Not far away lie two 11th-magnitude 
galaxies. NGC 2787, whose position is 
9» 14™.9, +69° 25’, is a barred spiral 2’ 
in diameter. A spiral of type Sb is NGC 
2985, at 9» 46™.0, +72° 31’. While the 
Shapley-Ames catalogue gives the diam- 
eter as 3’, I see this object as I’ in a 6- 
inch. WALTER SCOTT HOUSTON 
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Offered at a fraction of 
original cost. Price with in- 
structions and graphs, fully 
guaranteed 


Stee ¢” x 11” 


NEW, UNUSED 


$59.50 


New Clock and Drum Mechanism separately $15.00 


BAROGRAPH 


A Recording 


Made by Friez Div. of Bendix Aviation Corp. 


A forewarner of storms, hurricanes and squalls. 
A standard weather instrument. Self-contained 
mechanism. Powered by 8-day jewelled clock. A 
beautiful, useful item. Records weekly or daily 
by shifting gear. Additional graphs available. No 
outside connections necessary. Metal case _ is 
beautifully finished in gray enamel. 


Barometer 








MAGNETIC COMPASS 


Diamond-jewelled. Precision made by famous makers such as 
Longines Watch Co., E. S. Fiichie, Keuffel & Esser. In fine wood 
case with lock and key. An accurate horizontal force-intensity in- 
strument and fine compass like new at a fraction of cost. $9.75 











P.O. Box 1242 





(Shipped Express Collect. 


NORFOLK SALVAGE 


Please Remit with Order.) 


Co. 


Norfolk, Virginia 
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Celestial Globes 


No. 732 Little Dipper Globe. A teaching aid that is designed to in- 
troduce the wonders of the heavens to all youngsters, and it will 
fascinate grownups too. The all-metal six-inch celestial globe em- 
phasizes the mythological background of the constellations in five 
brilliant colors and shows all major stars and constellations, the 
equator and the ecliptic. A meridian circle and a convenient base 
are included. Popular 155-page book “Stars” in full color is in- 
cluded to give further material on the mysteries of astronomy. 


ad 


Overall height 8%”; shipping weight 2! Ibs. $3.95 





Transparent Globes 


No. 736 Combination globe device consists of an outside celestial globe 
in which is mounted a brightly colored terrestrial globe. Star globe has 
names of stars and constellations and contains a unique sun pointer. 
Terrestrial globe has names of countries and oceans and is mounted on a 
rotating axis. The device may be used to demonstrate many earth-sky- 
sun relationships and _ to 
simplify basic concepts in 
astronomy and geography. 


No. 736-ST-12 12” Celestial No. 736-ST-20 20° Celestial 


Globe with 6° Terrestrial Globe and 6” Terrestrial 
Globe mounted in cradle Globe mounted in_ tripod 
base base 


Spits Jr. Planetarium 


No. 701 Spitz Junior Planetarium. A new visual teaching aid brings 
a knowledge of the heavens into your classroom or home. A plastic 
globe is perforated with small apertures and contains a pinpoint 
light source inside. Stars and constellations are projected on the 
ceiling; a dome is helpful, but not necessary. Adjustable for date 
and latitude. Size: 14%” high, 7%” square base. Weight 3 Ibs. 
Operates on 110-volts. Complete with 32-page star guide. 


Postpaid $15.00 


Optics Kit - Light © Lenses ® Mirrors ® Color 


Contains 88-page handbook with instructions for 40 experiments, 
24-page teachers manual for a work unit on optics, all material 
including 14 lenses to make: 

ADJUSTABLE PERISCOPE REAR-VIEW PERISCOPE  GALILEAN TELESCOPE COLOR WHEEL 
COMPOUND MICROSCOPE MAGNIFYING PERISCOPE PICTURE SLIDE VIEWER 


UTILITY MAGNIFIER PICTURE SLIDE PROJECTOR ASTRONOMICAL TELESCOPE 
LENS VIEWING CAMERA KALEIDOSCOPE 3-DIMENSIONAL SLIDE VIEWER 


Developed by Dr. Robert Stollberg, San Francisco College $11.95 
Weight 7 Ibs. 


SCIENCE ASSOCIATES 


194 Nassau Street P.O. Box 216 Princeton, New Jersey 








As Important as 
the Telescope 


is the mounting 
which supports it and 
guides its motion. 
Here is the famous 
UNITRON mounting 
used on our 1.6”, 2.4” 
and 3” Altazimuths. 
Its unique design in- 
cludes slow motion 
controls for both alti- 
tude and azimuth. 
This mounting is but 
one of the many ex- 
clusive features 
which _ distinguish 
UNITRONS from all 
other altazimuth re- 
fractors of equal 


aperture. 
(See pages 197 and 208) 


United Secentific 


204-206 MILK STREET, 
Ca. 


BOSTON 9, MASS. 


A 





